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Description 



The present invention relates to certain novel prostaglandin compounds which are 11-alkvl- or 11- 
phen^-16-phenoxy and 1 Substituted phenoxy prostatrienolc acid derivatives ^ 
Ml J£Z!£'2 a i ^ * e Tff? invention retet8S to an enantlomer or mixtures of enantiomers of 11- 
fclSSSl ^ *°* m W PhWbStltUt8d pnenox * Poland!,* represented by ie 
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wherein R and X are defined above and R" is an ether-forming group. 
Definitions 

all^^.'rJ^" 9 an f l,an «0roup are represented herein as having substituents on one end of the 
VHT 1 " ?°ZL m ** other. A broken line indicates that u^TulSuenUs 
^^^L^ tZ^TZ^iT^T 1 " * e ° P 08 *' 0 "- A triangular line defines 

When^retra^ StTrS^l! P ° f ^/f«««» fl™p and is referred to as being in the 0 position. 
rwXeda^rn^ 8ubetitUt8d «n the allene. as In formula I, the .Bans moiety is 

tnrit^f "j*"^^'" to above formula and other formulas herein at carbons 8 9 11 and 15 

^^^^S^^Si^ are *• <» ««ffl«ratlon. i.e., below the plane^f *e (Jdop^ine 

and ^tr^pX^dl^ n88 1,18,18 configuration the same as do the natural PGE 

non^Sd M ^HI^!^ thl8 h T?" 0 /' P 04 *** W"<*ric centers and thus can be produced as racemic or 

° f M l F MdUal {+h ° r <-»^ntiomers. The individual, snantiome^Ty 
tf^CnWr^^ i^ [ ?l 0r ? OIWaC8mic of «n intermediate at some appropriate Se of 

^L^o^amSr^^ or norwacemlc mixtures and the IndMduaU^rT-)- 

wiarraomere are encompassed within the scope of the present invention. 
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Formula I includes any single structure below (la, la', lb and lb'), all permutations of two or three 
components In any proportions, and mixtures of all four components in any proportions. 




(la) 



(la') 



(lb) 



(lb 1 ) 



Any individual component may be prepared fay processes described below starting from the 
appropriate individual enantiomers of the lactone of formula 1 1n the reaction scheme below. Mixtures of la 

55 & la', lb & lb', la & lb, la' & lb' and mixtures of the four components may also be prepared by processes 
described below. Mixtures of la & la' or lb & lb' or mixtures of all four components are produced starting 
from the racemic or norwacemic modifications of the lactone of formula 1 . Mixtures of la & lb, or la' & lb' 
are prepared starting from the appropriate optically active lactone of formula 1. All the mixtures above and 
mixtures of la & ib' and lb and la' may also be prepared by mixing the appropriate intermediates or 

€0 individual components obtained by the processes described below. Any mixtures of three components 
may be prepared fay mixing the appropriate intermediates or individual components obtained by the 
processes described below. 

For the sake of simplicity only one enarttiomer, Le^, the enarttiomer having the natural prostaglandin 
configuration will be depicted in the description of the process; however, it is to be understood that the 

es racemic and non-racemic mixtures and the Individual unnatural enantiomers are also encompassed 
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thereby, they being obtained by starting with the corresponding racemic or non-f»o>m!c mm 
unnatural enantiomer. 

The natural configurations are represented by the formula la and 1b, The unnatural configure on,- 
represented by the formula la' and lb'. 
5 J he tBm "mixture", as applied to formula I is defined In the present application as any combination 
all four components (of formula la, la' lb and lb' as depicted above) in any proportions and all permuu 
of any two or three of the four components in any proportions. As applied to synthetic intermedin 
formulas 8—17 in the reaction scheme below, the term "mixture" is defined in the present applied 
any combination of the stereoisomers implied by the wavy lines and the enantiomms C 
io stereoisomers In any proportions. 

The use of the symbol "R~ preceding a substJtuent designates the absolute stereochemistry «, 
S^SS^^^" 9 to ^hMngoloVPrelog rules [see Cahn et al„ Angew. Chem. Inter. Edit. Vol 
« l J t ! .S?* * 511; Can 0 Angew. Chem„ VoL 78. p. 413 (1966); Cahn and Ingold, J. Chom. 
vSSSSP » ' * 812; 08,111 * ^ ExP^tanfe VoL 12, p. 81 (1966); Cahn J. Chem. Educ, Vol. < \ , 
is (1964)1. Because of the Interrelation of the designated substituent with the other substitueni* 
compound having a or & prefixes, the designation of the absolute configuration of one substituem n 
absolute configuration of ail substrtuents in the compound and thus the absolute configure' . t 
compound as a whole. 

Tsorners" are different compounds that have the same molecular formula. 
20 Stereoisomers" are isomers that differ only In the way the atoms are arranged In space. 

^Enantiomers" are a pair of stereoisomers that are non-superimposable mirror images of - h c 
^lastereoisomers" are stereoisomers which are not mirror-images of each other. 
^Epimers" are diastereomers which differ onfy in the configuration of one asymmetric cento. . 
"Racemic mixture" means a mixture containing equal parts of individual enantiomers. "Non -r Pernio 
25 mixture is a mixture containing unequal parts of Individual enarttfomers. 

rwtte purpose of tM^^ branched aik V ; 

radical of 1 to 6 carbon atoms. Examples of such radicals are methyl, ethyl, propyl, tsopropyi, butyl, t boi , ! 
Mxrtyl, sec-butyl, pentyl, hexyi and the like. Lower alfcoxy means an —OR radical wherein R is low*;/ u\ !. 
Halo refers to fluoro, chloro, bromo and lodo. Aryi refers to the aryl groups wherein the ring s^t, ^ 
30 contalns 6-10 carbon atoms not counting the substrtuents, such as phenyl, naphthyl or the li. Lo v, 
all^laryl refers to an aryl group having a lower alky! chain wherein lower alley) is defined <>i> v ■-. 
Substituted lower alkyl aryl refers to a radical wherein the aryl group of a lower alkyl aryl is substr 
one or more lower alkyl, halo, or lower aikoxy radicals as these latter terms are defined a bow . 

The term "w/v %'' (percent weight in volume) Inc3catesthenumrjercf gramsc^acwaiinjr ^ i^^ • ^ 
35 of solution. 

The term "pharmaceutical^ acceptable, non-toxic salts" refers to those base-derived s-tus of y 
compound herein having a carboxylic add function. These salts are derived from pharos ».-,-.; in- 
acceptable, non-toxic inorganic or organic bases. 

SaJte derived from inorganic bases Include sodium, potassium, lithium, ammonium, c.ici . , 

40 magnesium, ferrous, zfnc, copper, manganous, aluminum, ferric, manganic salts and the like, r «\'> 

preferred are the ammonium, potassium, sodium, calcium and magnesium salts. Salts d*iov, - if , \ 
pharmaceuticalry acceptable organic non-toxic bases include salts of primary, secondary, a., J = mu 
amines, substituted amines including naturally occurring substituted amines, cyclic amines and i> c i. . , 
exchange resins, such as Isopropylamlne, trimethylamine, diethyiamlne, triethylamine, tripru; v 

45 etrianolamine, 2^methyteminoethanol, 24Iethylaminoethanol, tromethamine, dicyclohexyiem; - i v ,' 
arginine, histidtne, caffeine, procaine, hydrabamlne, choline, betaine, ethylenediamine. yi k ; 
T^nL 9 l y camlne ' theobromine, purines, piperazine, piperidine, N-ethylpiperidine, poryami.w r > 
the like. Particularly preferred organic non-toxic bases are Isopropylamlne, diethylamine, wb; <■..-.; 
tromethamine, dicyclohexytamlne, choline and caffeine. 

60 *£ d 8atts <rf th « sa compounds, where appropriate to make, are prepared by Lc jo-: 

corresponding free acids of the compounds with at least one molar equivalent of a pharm^i^V 
acceptable base. Representative pharmaceuticalry acceptable bases are sodium hydroxide p.,u-< 
hydroxide, ammonium rrydraxkie, calcium hydroxide, trimethylamine, lysine, caffeine, and Uu i k < 
- reaction is conducted in water, alone or in combination with an inert, water-misclble organic aoiv > «l : 

65 temperature of from about 0°C to about 100X, preferably at room temperature. Typical ir.o.t v 

miscible organic solvents include methanol, ethanol, or dioxane. The molar ratio of comfXH.nd* r> ; ' . 

I to base used are chosen to provide the ratio desired for any particular salt 
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The numbering of these compounds follows that in use for the naturally occurring PGE and PGF 
compounds, niustrated as follows: 



to 




IS 

For analytical purposes. In this disclosure a carbon of a particular intermediate is identified by the 
number it will have in the final product, i.e. formula L Thus, for example, in formula 8 in the Reaction 
Scheme below, the carbon on which the R* ether group Is substituted is designated C-9 as that Is the 
20 numbering of that carbon in formula I. 

The compounds of the present invention exhibit prostaglandin-! ike biological activities and thus are 
used in the treatment of mammals where the use of prostaglandins is indicated. The compounds of the 
present invention are useful for the control of asthmatic attack because they are bronchodilators and they 
also exhibit anti-allergic properties by inhibition of mediator release. In addition, they are also useful in 
25 treating mammals for bronchial spasm or wherever bronchodilators are indicated. The compounds also 
exhibit vasodilator properties and are useful in controlling or palliating hypertension in mammals and they 
further exhibit central nervous system depressant activity in mammals, and are useful as sedatives. 

The compounds of this invention also significantly reduce intraocular pressure without the adverse 
side effects of natural prostaglandins. PGE, and PGE 2 both cause a transitory rise in intraocular pressure 
so wnen finrt administered. Administration of PGE t and PGE„ even at low doses, result in severe eye irritation. 
The irritation response includes red, swollen and watery eyes. The animals tested V< m their eyes shut 
tightly for about 30 minutes and would rub them at intervals. 

The compounds of this invention do not induce any of these adverse reactions. The co m pou nds of this 
invention have the following unique properties over known prostaglandins for reduction of intraocular 
35 pressure: they do not demonstrate a transient increase in intraocular pressure at the time of 
administration; they do not cause eye irritation; they are significantly more active in lowering intraocular 
pressure; and they are significantly more stable in aqueous solution, thus allowing prep.ir* no. i of aqueous 
ophthalmic formulations. 

The present compound can be administered in a wide variety of dosage forms, aithor atone or in 
40 combination with other pnarmaceutically compatible medicatiments in the form o\ pharmaceutical 
compositions suited for oral, parenteral or ophthalmic administration or inhalation in the case of 
bronchodilators. The pharmaceutical carrier can be either a solid material, liquid or aoro^ol, in which the 
compound is olssolved, dispersed or suspended, and can optionally contain »ft - i amounts of 
preservatives and/or pH buffering agents. 
xs ***** liquid compositions can, for example, be in the form of solutions, emulsions, suspensions, syrups, 
or elixirs. The solid compositions can take the form of tablets, powders, capsules, pills or the like, 
preferably in unit dosage forms for simple administration or precise dosages. Suitable solid carriers 
include, for example, pharmaceutical grades of starch, lactose, sodium saccharine, talcum, solium bisulfite 
and the like. 

eo The compounds of this invention are typlcalry administered in dosages of about from about 0.01 ug.to 
about 100 ug. per Kg. of body weight The precise effective dosage will, of course, vary depending upon the 
mode of administration, condition being treated and host Thus, for example, to achieve b rooch odilation 
about 1 ug. to about 10 ug. per Kg. of body weight Is administered by aerosol, and to achieve inhibition of 
gastric secretions about 1 ug. to about 50 ug per Kg. of body weight is administered oraiiy. 

«5 One aspect of this Invention concerns the use of a compound of formula (I) in the manufacture of a 
medicament for the treatment of certain ophthalmic diseases in mammals, particularly those diseases 
a ssoci a ted with or caused by Increased intraocular pressure such as for example, glaucoma. 

Ophthalmic preparations are sterile products for either topical application to the eyelids or installation 
into the space (cul-de-sac) between the eyeball and the eyelids. Presently avajlet>i« ophthalmic 
* so preparations include solutions, suspensions, and ointments. Presently available topical treatment of eye 
diseases include topically applied ophthalmic drops, solutions, suspensions or oinfm^u or their 
subconjunctival injection. 

The composition of this invention comprises, as an active ingredient a compound of this indention or a 
sah thereof in admixture with an ophthalmologicaly acceptable excipient 

& An excipient is ophthalrnologically acceptable if ft is non-irritating. It is advantageous if it enables the 
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active Ingredient to penetrate the blood-equeous barrier and/or to diffuse to or through the various ocular 
substructures to the site where ft Is pharmacologically active. 

The ophthalmic composition may be aqueous or non-aqueous, and it may be in the form of a solution, 
suspension, gel, ointment, slow release polymer, or other. The amount of active ingredient will vary with 

5 the particular formulation and disease state but generally will be between 0.001—10% wt/vol of active 
ingredient per Individual application dose. 

Pharmaceutical ophthalmic compositions are typically sterilized aqueous solutions (i.e. eyedrops) 
containing 0.001% to 10% wtfvoJ.; most preferably 0.005% to 1% of the active ingredient along with 
suitable buffer, stabilizer, and preservative. The total concentration of solutes should be such that if 

to possible, the resulting solution is Isotonic with the lacrimal fluid (though this Is not absolutely necessary) 
and has an equivalent pH In the range of pH 6—8. Typical preservatives/sterilants are phenyl mercuric 
acetate, thimerosat chlorobutanol, and benzalkonium chloride. Typical buffer systems and salts are based 
on, for example, citrate, borate or phosphate; suitable stabilizers include glycerin and polysorbate 80. The 
aqueous solutions are formulated simply by dissolving solutes in a suitable quantity of water, adjusting the 

ts pH to about 6-8— 8J>, making a final volume adjustment with additional water, and sterilizing the 
preparation using methods known to those in the art 

The process for preparing the instant compounds, including the novel intermediates Is outlined In the 
following reaction scheme. 
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In the preceding schematics R 1 is a b as e sta bile, acid-labile ether-forming group, R* is a base-lob^; 
ether-forming radical, R" Is either R 1 or R*, and M is hydrogen or a metal ion such as an alkali nw^' > 

Preparations and Examples 
s The starting material, formula 1, can be prepared according to the procedures set forth in U.S. Paioru 
Nos. 3380,712, 3,985,791, and 4,304,907, which procedures are incorporated herein by reference and mo-- 
a part hereof. 

Before opening the lactone ring of formula 1, the two hydroxy! groups are converted to ethers 1 ; 
two groups are designated R 1 and defined as base-stabile, acid-labile ether-forming groups. Such a yro w ; 

io may be any ether-forming group which will not be hydro h/zed when treated with a strong aqueous b;<-.< 
such a sodium or potassium hydroxide, yet will be hydrofyzed by acid under mild conditions, conditio. w 
which will not result In degradation of the product formula I. Examples of groups which are base-st,it r 
yet acid-labile are tetrahydrofuranyt, tetrahydropyranyl, 1-ethoxyethyl and the like. Excluded fio-n ;i ^ 
definition are alkyl ethers, benzyl ether and alkyl aryl ethers, and the like. The conditions normally rerpi; j. 

is to effect acid hydrolysis of these latter ethers would cause product degradation during the K-< <..•.:•-- - 
process, if in fact their hydrolysis would be effected by add at all. 

It is preferred to protect the C-11 and C-15 hydroxy! groups with tetrahydropyranyl, tetrahydrofuamyl 
or 1-ethoxyethyl. Ether formation with any of these groups is generally carried out in an apr otic soWont 
such as a halogenatad hydrocarbon with an acid catalyst using amounts and conditions well known in the 

20 art Most preferably, the ether-forming reagent will be dlhydropyran, at least about 2.1 equivoiurus, 
reaction being carried out in methylene chloride in the presence of p-toluenesulfonlc acJcL The ro 3cti:;o ^ 
generally carried out at between 20— 50°C preferably at ambient temperature over a period of * - .- : .!.v f .-.. 
to four hours preferably about two hours. 

Hydrorytic cleavage of the lactone ring is effected by means of a base, preferably an aqueous «ii .c'd 

is metal base in a polar organic solvent An aqueous solution of base such as lithium hydroxide, soaunt 
hydroxide, potassium hydroxide, or the like, is added to a polar organic solvent containing the lactone, sii 
under an inert atmosphere, e.g. nitrogen. The concentration of the added base preferably witt atom 
1 — 4M, more preferably between 2JQ — 3M. Potassium hydroxide is the preferred base. The aqueous d<,-.- 
solution Is added under nitrogen to a premade solution of the lactone in a solvent such as letrahydi oru« 

so or a simple alcohol such as methanol. The hydrolysis Is effected between room temperature aoo KXTC; 
preferably by heating the solution at reflux under nitrogen, monitoring the reaction's progress L<y (■:.- < 
layer chromatography). 

The hydroxyt group generated by hydrolysis of the lactone is converted to an ether using a rc«;j * 
which will give a base-labile ether. This group Is designated R 2 and is defined as a base-labile ethur-i 

3S group. This group is best exemplified by — SiR 4 R t R 6 where R* R, and R« are alkyl, phenyl or ar ylaUyi »;> 
that all three may not be simultaneously methyl. For the purpose of thb invention, alkyl moans a r ; ii^i ^ 
1 to 6 carbon atoms. Aryialkyl is a radical wherein alkyl has the same meaning as lower alkyl t* - -i ,i h 
exemplified by but not limited to phenyl, alkyl substituted phenyl, and naphthyl. Particularly pi ;; j 
groups are t-butyldlmethylsilyl, trilsopropylsiryl, triphenylsilyi, t-butyldiphenylsilyl <.n-.' 

40 butytphenoxydifnethylsftyl radicals. 

When a siryiating agent is employed, standard conditions normally used for such a reagent 0 l ^ 
For example, the reaction Is generally carried out in a polar aptotic solvent with an excess of the i*;iyl*nr :-j 
reagent, Z2 to 4 equivalents, and an excess relative to the sih/lating reagent of some nitrogen co- 
compound such as mkJazole. Silylation Is usually carried out between 0 and 50°C 

45 Preferably, 6 equivalents imidazole and about 3 equivalents of t-butyldimethylsiryl chloride vAW 
added to dry dimetrrytfbrmamide solution of the hydroxy acid salt and stirred overnight at about i >>: . 
temperature, completion of the reaction being confirmed by tic This reaction gives the si ryl ether v, :i i; 
the slr/l ester of the add salt Because the sifyl ester is not desired, it is hydrofyzed in s/w withe* 1 i ■• if 
isolated by adding water to the reaction pot and then recovering the silyl ether compound in h : fr-.v 

so form. 

The resuhing foe acib^ represented b^ aldehyde of formula 7. i i i , 

can be accomplished by any number of appropriate methods, four of which are set out herein to e> 01 n; >i: 
the preferred methods. In one instance, formula 4 Is esterified to gfve formula 5 which is men to luc.v i 
give the alcohol of formula 6, that being oxidized to the aldehyde of formula 7. A second altema'iv c : : 

65 reduce the free acid of formula 4 to the alcohol of formula 6 and then oxidize the alcohol to the alo i*, ; 
(formula 7). Alternative three comprises estsrifying the free acid of formula 4 and then reducing the t ^ •: 
directly to the aldehyde of formula 7. The fourth alternative is to first convert the free acid 10 th * or r \ » ; ! 
(acyl chloride) and then effect a Rosenmund reduction to form the aldehyde. 

In the first alternative, the first step is to estarlfy the free acid by standard esterification r < - :^<J.: ; , 

60 using, for example, either an alkyl lodkte or a dlazoalfcane reagent The words alkyl and siMrv; ; »c <. j . , 
the same definition as that set forth above for lower alkyt 

When the reagent is an alkyl Iodide, preferably methyl iodide, the reaction is carried out in en . ;>< ■.. c 
solvent such as dimethylforrnamide or dirnethyiacetamide containing a weak base such as $t».r 
hydrogen carbonate. A large excess of the alkyl iodide is used, for example about 7—10 equiv*; 

65 reaction is preferably carried out under an Inert atmosphere, e.g. nitrogen and at a sit ;" / ■ 
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temperature not to exceed the boiling point of the alkyi iodide employed, if the reagent is methyl Iodide, the 
reaction Is preferably carried out at a temperature of about 40— 45°C. A number of hours are usually 
required to effect the reaction, usually 16 to 24 hours. Completion of the reaction is confirmed by tic. If the 
reaction Is not complete after the initial reaction period an additional one equivalent aliquot of the allcyi 
iodide and a corresponding amount of base are aded and the reaction continued as before. This procedure 
is repeated as often as necessary to complete the reaction. 

If a dlazoalkane is used, preferably diazom ethane, the reaction is carried out using the standard 
procedures for generating the diazomethane and for reacting it with the free acid See F. Amdt, Org. Syn. 
Coll. Vol II, 165 (1943) and H. vonFechrnann, Chem. Ber. 27, 1888 (1894) and 28. 886 (1895). 

In the second step of the first alternative, reduction of the carboxylic acid ester to the alcohol (formula 
6) Is effected fay a metal hydride such as diisobutyialuminum hydride, lithium aluminum hydride or the like. 
The reaction Is carried out In a solvent compatible with the selected reducing agent and preferably under an 
Inert atmosphere and at a temperature of less than 50°C for a period of up to about 4 hours. 

When the reducing agent Is diisobutyialuminum hydride, the reaction Is carried out In toluene, benzene 
or a similar nonpoiar solvent The diisobutyialuminum hydride In toluene is added to a cooled solution 
(0 — 10°C) of the carboxylic acid ester after which the reaction solution is allowed to come to room 
temperature wherein the reaction is usually complete after 30—45 minutes. A nominal 2.S equivalents of 
diisobutyialuminum hydride is employed to effect the reduction. The reaction Is monitored by tic and, if not 
complete, additional hydride is added and stirring continued for an another 30 minutes or so. Unreacted 
hydride Is decomposed by adding water and an alkali metal salt such as sodium fluoride or sodium sulfate. 

Alternatively, the carboxylic acid ester may be reduced to the alcohol using lithium aluminum hydride 
In a polar solvent such as ethyl ether, tetrahydrofuran or the like. Lithium aluminum hydride reduction is 
effected using the same ratio of materials and same reaction conditions as recited above for dissobutyl- 
aluminum hydride. 

Oxidization of the alcohol to the aldehyde is carried out by means of a mild oxidizing reagent Any one 
of a number of mild oxidizing reagents may be used to effect this oxidation but it is preferred to use 
chromium (VI) trioodde, pyridinium dichromate, pyridinium chlorochromate and the like but preferably 
chromium trioxfde, in the presence of pyridine, hexamethyiphosphoric triamide, 3,5-dimethyl pyrrole and 
the like, preferably pyridine, or pyridinium chlorochromate with sodium acetate, and an organic solvent 
ag v dichloromethane, dichloroethane, and the like preferably, dfchloromethane or mixtures thereof at a 
temperature from about -10°C to about 30°C preferably about 15°C to about 25°C, for about 30 minutes to 
about 2 hours, preferably about 15 minutes to about 46 minutes, to obtain the aldehyde of formula 7. 
Advantageously, this reaction is carried out under anhydrous conditions under an inert atmosphnro, e.g., 
nitrogen gas. 

Alternative two is effected by simply reducing the free acid directly to the alcohol and then oxidizing 
that compound to the aldehyde of formula 7. The first step, reduction of the acid to the alcohol, is 
(accomplished by means of borane methyl sulfide. In this reaction, the methyl ester is dissolved in a polar 
solvent the solution stabilized in a bath at between about 0— 25°C end the system purged with dry 
nitrogen. Borane methyl sulfide, about 3 equivalents is then added dropwise with stirring after which 
stirring is continued for up to about 6 hours, preferably about 3*5 hours to effect the reaction. 

Having obtained the alcohol, it is then oxidized to the aldehyde in the manner set forth above for 
oxidizing formula 6 to formula 7. 

The third alternative comprises first esterifytng the free acid of formula 4 by the methods described 
above and then reducing the ester, formula 5, directly to the aldehyde by means of diisobutyialuminum 
hydride at low temperature. The reaction is effected using the same ratio of reactants given above, but in 
this instance the reaction to carried out at a temperature of about — 70°C or thereabouts. 

In the fourth alternative, the free acid is reduced to the aldehyde by first converting the add to its acid 
hallde (chloride) and then carrying out a Rosenmund reduction or Its equivalent 

Formation of the propargyl alcohols, formula 8, is effected by means of a metal acetyiide In an 
appropriate anhydrous organic solvent such as a halogenated alfcane, an ether, a hydrocarbon or the like, 
preferably under an inert atmosphere such as nitrogen. To a preformed solution of aldehyde in a solvent 
such as methylene chloride, cSchloroethane, tetrahydrofuran, diethyl ether, toluene or the like, preferably 
methylene chloride, is added an excess of a metal acetyiide reagent, exemplified by ethynyl magnesium 
chloride, ethynyl magnesium bromide, ethynyl magnesium iodide, lithium acetyiide ethylene diamine 
complex and ethynyl lithium, under nitrogen. The preferred metal acetyiide is ethynyl magnesium chloride. 
The reaction Is carried out at a temperature between 0 and SOX, preferably between 20^30°C, until the 
reaction Is complete (which can be confirmed by tic), usually within 30 minutes, most usually within 5 — 10 
minutes. 

The mixture of propargyl alcohol epimers may be separated into fractions containing a single pure 
prapargylic eplmer by chromatographic means, for example, silica gel tic or column chromatography with 
varying mixtures of moderately polar solvents in non-polar solvents. 

In case the mixtures of ellene isomers (formulas la & lb, or formulas la' & lb') or mixtures of all four 
components are desired, this separation step Is omitted. 

Conversion of the propargyl alcohol to the allene may be carried out by any reaction which effects a 
stereospecffic homologation/rearrangement By this means,, a single propargyl alcohol epimer can be 
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converted to a single corresponding allenyl isomer. Herein it is preferred to effect tfois rearrangement by 
means of a Claisen type rearrangement employing a triatkyt orthoacetate and a catalytic amount of a low 
molecular weight alkanolc acid, for example, acetic acid, propionic acid or the like. In this instance, a 
catalytic amount of acid is some amount less than 5% by volume relative to the volume of trialkyl 
s orthoacetate. 

The triaUcyi orthoacetates which may be used are illustrated by trimethyl or triethyt orthoacetate and 
the like. The propargyiic alcohol Is dissolved In the trialkyl orthoacetate, preferably under nitrogen, along 
with a catalytic amount of alkanoic acid, usually about a 1% volume relative to the orthoacetate. The 
orthoester rapidly reacts with the propargyi alcohol to give a mixed trialkyiorthoester which is not isolated 

io but caused to rearrange In situ by heating the pot The reaction flask Is immersed in a preheated oil bath, for 
example one at about 150— 250°C, and stirred for a short period, about 30 minutes while maintaining the 
pot temperature between about 100 — 130°C, preferably between about 110 — 120°C During the heating 
period, a mixture of orthoacetate and alkanoic acid, in the same ratio noted above, is added to the system 
while concurrency distilling out of the reaction system an equivalent volume of trialkyl orthoester-alkanol- 

16 add. The reaction bath is preferably maintained at a temperature between about 170 — 175°C during the 
distillation process. The resulting product is the ester of .formula 9. 

To obtain the final product, it Is necessary to add one carbon between the allene group and the acid 
function of formula 9 (homologation) in a manner which will not effect the stereochemistry of the allene or 
other sites on the molecule. The desired homoiogue is represented by formula 13. This homologation may 

20 be accomplished by a number of methods known in the art The preferred methods employ a strong base in 
the last step of the homologation which will simultaneously cleave the R 3 group, giving the compounds of 
formula 13. Other reaction sequences require treatment with base after the homoiogue Is formed In order 
to obtain the C-9 hydroxy! group of formula 13. 

The aikyl ester generated by the Claisen rearrangement may be homologenated by reducing the ester 

25 to its corresponding primary alcohol by some appropriate reducing reagent such as a metal hydride, e.g. 
lithium aluminum hydride, dilsobutyialumlnum hydride or the like. This alcohol Is then converted to some 
functional group which is a good leaving group and then treated with an alkali metal cyanide, followed by 
treatment with a strong base to effect hydrolysis of both the nitrile and the R* group of C-9. 

The leaving group to which the alcohol is converted may be, for example a halo group such as bromo 

so or a surfonyl ester. The alcohol Is converted to the corresponding bromo compound by a variety of 
methods known in the art This product is then treated with cyanides succh as an alkali metal cyanide, for 
example, sodium cyanide or potassium cyanide to make the nitrile. The nitrite Is then hydro lyzed by strong 
base, which also serves to hydrotyze the R* base-labile ether group. 

Alternatively, the alcohol is treated with an alkyi or aryiaikyl surfonyl ester forming reagent in 

35 preparation for making the nitrile. Such reagents are preferably methanesulfonyf chloride or p- 
toiuenesuiforryi chloride or a similar surfonyl hailde. The surfonyl ester Is converted to the nitrile by means 
of an alkali metal cyanide salt preferably sodium cyanide. This nitrile Is then treated with strong base to 
effect formation of the acid while simultaneously hydro fyang the R* group, which gives the compound of 
formula 13. 

40 Another alternative Is to reduce the ester function of formula 9 to an aldehyde, carry out a Wittig 
reaction, trydrotyze, and oxidize the resulting homologated aldehyde and then treat the resulting acid with 
base to effect hydrolysis of the R* group. In this sequence, the ester of formula 9 is reduced to Irs 
corresponding alcohol and oxided to the aldehyde. Alternatively, the ester may be reduced directly to the 
aldehyde using diisobutylalurrunurn hydride at low temperature, e.g. -70-C The resulting aldehyde is then 

45 treated with the phosphorus yiide (pbenyi),P«CHOCH, and then Hg(OAc)a/HI to give the aldehyde 
homolgue of formula 14. This aldehyde is treated with a mild oxkfizing agent one like the ones noted 
herein above, to obtain the protected acid. This protected add is then treated with a dilute solution of a 
strong base to effect hydrolysis of the R* group. A full description of the base hydrolysis conditions is given 
herein below. 

so A third alternative is the Amdt-EIstert synthesis, For example, the ester of formula 9 is converted to the 
acid hallde (chloride) by means of oxatyi chloride or thionyi chloride and then treated with diazomethane to 
give the diazoketone. The diazokeone is then rearranged to the homologated acid using silver oxide and 
water. This acid is then treated with base to hydrolyze the R* group giving the compound of formula 13. 
The preferred method for converting formula 9 to its homoiogue, formula 13, is to first reduce the ester 

55 of formula 9 to Its corresponding alcohol, form a sufforryl ester of the alcohol, treat the surfonyl ester with 
an alkali metal cyanide to obtain the nitrile, and convert the nhrile to the acid by base hydrolysis while 
simultaneously hydrolyzing the R* base-labile ether group. 

In the preferred sequence, the acid ester of formula 9 is reduced to Its corresponding alcohol by means 
of a meal hydride under anhydrous conditions, preferably under an inert atmosphere. A dry aprotic polar 

60 solvent such as absolute diethyl ether or the like is placed under a dry inert atmosphere and a reducing 
agent for example a metal hydride such as lithium aluminum hydride (LAH) or the like, is added (2.2 to 4 
equivalents) followed by the allenic ester. It is preferred to mix the several reaction ingredients at a reduced 
temperature, about 0—1 S°C, and then reflux the solution for 10—30 minutes or until tic indicates the 
reaction is complete. 

6s When reduction is complete, the reaction mixture is again cooled to. between 0— 15°C*and excess 
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reagent (LAH) Is reacted with a carbonyl-corrtaining compound such 8s acetone or ethyl acetate thereby 
moderating subsequent and complete decomposition; complete decomposition follows addition of an 
aqueous completing agent such as potassium sodium tartrate or a similar aluminum complex-forming 
salt 

In order to prepare the nftrile, the primary alcohol made as per the proceeding paragraph is first 
converted to an alley*- or aryialkytsulfonyl ester, for example the methanesurfonyl ester or p-toluenesulfony I 
ester derivatives. The allenyl alcohol, dissolved in an anhydrous polar organic solvent such as a 
halogenated alkane, i.e. methylene chloride, dichloroethane and the like is introduced into a reaction flask 
along with an anhydrous trialkylamine such as trietrrytamine. The reaction flask is purged with dry nitrogen 
and the reaction mixture cooled to between about -40 and 2S°C. The sulfonyl ester-forming reagent e.g. 
methanesurfonyl chloride, dissolved in the anhydrous organic solvent is then added with stirring while 
maintaining the temperature of the reaction mixture at between about -40 to -20°C, preferably between 
-30* to -20°C. About a two fold molar excess of the ester-forming reagent is used. When addition of the 
surfbnyl ester-forming reagent is completed, about 15-30 minutes, the reaction mixture is stirred at 
between about -30 to -10°C until the reaction is complete as indicated by tic When the reaction is 
completed, the cooling bath is removed and additional trialkylamine is added, predissotved in the organic 
solvent A solution of aqueous sodium bicarbonate or a similar base Is then added with vigorous stirring in 
order to decompose excess ester-forming reagent. 

The nltrile Is formed by means of an alkali metal cyanide, preferably potassium cyanide. The reaction is 
carried out In a polar solvent for example, dimethyl sulfoxide, under an inert atmosphere at a temperature 
between 60 — 120*0 for up to an our. Dry conditions are preferred. 

The metal cyanide, about 5—8 equivalents. Is first placed in a flask under an inert atmosphere such as 
nitrogen. Solvent is added and the flask placed In a bath preheated to about 75-60*0. The Intermediate, 
dissolved in the reaction solvent is then added. Heating and stirring is continued for up to 2 hours, 
preferably 1 hour or until completion of the reaction as indicated by tic. 

Hydrolysis of the nltrile by base gives the add salt (— COOM of formula 1 3), which may be acidified to 
obtain the free acid, and at the same time deprotects the C-9 hydroxy group, which, as noted above is a 
base-labile ether. These hydroryses are effected with a dilute solution of a strong base such as one of the 
alkali metal hydroxide bases, e.g. lithium hydroxide, sodium hydroxide, potassium hydroxide and the like, 
A dilute solution Is one which has a concentration of O05 to 2M., preferably about 0.5M. An appropriate 
solvent is, for example, 2-methoxyethanol or a similar polar solvent which is miscible with water. 
Preferably, an Inert atmosphere Is maintained. In terms of temperature and time, the reaction is effected by 
heat in the solvent to reflux for up to about 72 hours. 

Preferably these hydroiyses will be effected by charging a reaction flask with the solvent and reactant 
adding the base, predissolved in water, and then purging the system with nitrogen. The reaction mixture is 
then refluxed for about GO hours. The cooled reaction mixture is then neutralized before isolation of the 9- 
hydroxy-1-add product 

The add of formulas 13 and 16 are esterified by the same procedures set forth herein above for 
esterifylng formula 4. 

Oxidation of the C-9 hydroxy! group is effected by a mild oxidizing agent such as those set forth herein 
above in the discussion relating to the oxidation of formula 6. Preferably, the oxidizing reagent wilt be 
chromium trioxide {AJB — 10 equivalents) and 3^-dimethylpyrazole or Collins reagent (chromium trioxide 
and pyridine), the reaction being carried out under an Inert atmosphere in a polar aprotic solvent. Reagents 
are combined with solvent at reduced temperature, about -30°C to -10°C with stirring to effect thorough 
mixing of the reagents. The alcohol is then added in additional solvent the Initial reduced temperature 
being maintained during the addition and for the remainder of the reaction period, usually about 1 to 2 
hours. Preferably the reaction will be carried out in methylene chloride under dry nitrogen for a period of 
about 1 hour. . 

Hydrolysis of the Oil and C-1 5 blocking groups Is effected by acid, for example, an alkanoic acid of 1 
to 6 carbon atoms, referred to as a volatile fatty acid (VFA), or a hydrogen hallde. 

When acetic acid is used, standard procedures well known In the art may be used. For example, the 
standard hydrolysis procedure uses acetic acid and a polar solvent such e tetrahydrofuran of the like. The 
aikyl ester, glacial acetic add, water and organic solvent are mixed in a flask under nitrogen and heated at 
low temperature, between about 20— 60°C, preferably 40°C for up to 16 hours, preferably 12 hours. The 
preferred reaction medium is 85-96 wrv% of 20—60 w/v* of aqueous glacial acetic acid with 5—1 5 w/v % 
of an organic solvent Most preferably, the reaction medium is 60 wrv% of water,30 w/v% of acetic acid and 
10 w/v% of tetrahydrofuran. 

Alternatively, hydrolysis of the ether groups may be effected by a hydrogen halide, preferably an 
aqueous solution of the acid dispersed in a water immiscible solvent preferably with a scavenging agent to 
react with the released blocking groups, the reaction being effected at a temperature between -40° to 60°C 
over a period of about 6 minutes to 4 hours. This method comprises stirring an aqueous solution of 
hydrogen hallde with a water immiscible solvent in which the intermediate has been dissolved. The 
hydrogen hallde may be hydrogen fluoride, hydrogen chloride, hydrogen bromide or hydrogen iodide. The 
acid should be present In a slight molar excess, for example about at least 2.05 equivalent of acid, though 
the reaction can be effected by using a large excess of acid, i.e. up to 10 equivalents or more. Preferably 
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2.05 to 3.0 equivalents will be used, most preferably about 2.6 equivalents. Any water immiscible organic 
solvent may be used but it is preferred to use a halogenated hydrocarbon such as, for example, methylene 
chloride, dlchloroethane and the like. To trap the released blocking group, a reactive scavenging material is 
added to the reaction mixture. This scavenging materia! is preferably a mercaptan, for example 
mercaptoethanoL The scavenging material is present in an amount of 2.0 to 3.0 equivalents, preferably 
about 2.0 equivalents. The reaction is complete In about 30—60 minutes at a temperature between about 
-30° to 5G°C, preferably 10° to 50°C. 

The compound of formula 19 is formed by dehydration of formula 18 using aqueous acid. Any mineral 
acid or water-soluble organic acid will effect this dehydration but it Is preferred to use acetic acid herein. 
The compound is dissolved in an aqueous solution containing excess acid. The solution may then be 
heated to accelerate the dehydration, for example to about 65°C, for a period sufficient to effect complete 
dehydration. Usually the reaction is effected overnight The product is then recovered by conventional 
means. 

The 15o4rydroxy group is then protected by an ether-forming group using the same reactants and 
conditions described herein above for converting formula 1 to formula 2 or for converting formula 3 to 
formula 4. 

A nudeophilic addition reaction is then carried out to add the Y substituent at position 1 1 . Preferably, 
the addition reaction will employ a UCuY, reagent, the reaction being carried out under an Inert 
atmosphere in e dry solvent at a reduced temperature. Preferably the reaction will be effected by first 
forming the UCuY 2 reagent under dry nitrogen in dry diethyl ether, then cooling that solution to about 
-75°C and then adding the prostaglandin (formula 20) in additional dry diethyl ether. The temperature is 
then maintained at the reduced temperature until the reaction is complete, approximately 3 to 8 hours. 

TheC-15 hydroxy! protecting group is then removed by acid following one of the two methods set out 
herein above for deprotecting formula 15 or 16. 

To further illustrate and exemplify the practice of this invention, the following non-limiting Examples 
are provided. 

Example 1 

(1chHyd>oxy~4cHtetrahydropy^ (EM>uten-1 -yt>- 

cyck>pent-2a-y1)ecetic acid lactone 

A 1 liter round bottom flask equipped with a magnetic stirring bar and Drierite* drying tube was 
charged with 16L5 g of (1ay4o<liriydroxy-3fH3c>riydra 

acid lactone, 600 ml of methylene chloride, aB ml of oThydropyran and a few crystals of p-toluenesuffontc 
acid - HfO. This mixture was stirred at room temperature for 2 hours. Two drops of triethylamtne were- 
added and the solution stirred for 2 minutes. The reaction mixture was washed with 1 x 50 ml of saturated 
aqueous sodium chloride and dried over sodium sulfate. Evaporation of the solvent gave a residue which 
was taken up in a minimum amount of ethyl acetate and charged onto a 7.5 cm diameter column filled with 
500 g of silica gel packed In pure hexane. The column was then eluted with a gradient of 20% to 40% ethyl 
acetate In hexane. Appropriate fractions were combined and stripped to dryness to afford the title 
compound. 

Proceeding in a similar manner, but substituting for the starting compound in the proceeding 
paragraph the appropriately substituted phenoxyiactDne, the following compounds may be prepared: 

(1a4iydroxy-4o-(tetrahyd^ 
pbenoxyM (E}-buten-1 -y1)c^opent-2a-yt )ecerJc acid lactone; 

(1cAiydroxy-4cHtetrahydit>py^ 
1 (E)-buterHl-yikydoperrt-2a-yllacaoc acid lactone; 

(1a4iydroxy-4o-<tetrahydropyran-2 
taten-1^)cydopem-2c^yl)aceticadd lactone; 

<1a4iydrc*y-4o-(tetrarr/dropyra 
buten-1 ^)cydopent-2a-y1)acetic add lactone; 

(1 a4iydroxy-4a^tetrarrydro^ 
buten*1^)cydci>em^c^)aceticadd lactone; 

(la4iydroxy-4cHtetrahydropy^ 
buten-1 -yi)cyclopem-2oHy1)acetic acid lactone; 

(1 a^ydroxy-4oHtetrarrydrorjy^^ 
1(EHxjten-1^)cydopeffit-2a^)ace4k add lactone; 

(1a4tydrcxy~4a*tt8trahydr^ 
1 (E)-buten-1 ^)cydopent-2a-yf)acetic add lactone; 

(1a-hydraKy-4a-(tetrah^ 
1(EHxjten-1-yf)cydoperrt-2a^)acetic add lactone; 

(1 Cr4iydroxy-4o-<tetrshydro^ 
1(EHxfter^1^)cydopem-2c^)acetic add lactone; 

(1 Cr4ryckoxy«4cHtetrahydropy^ 
1(EHxjterHl^)cydopefit-2a^)aceticadd lactone; 

Uc^ydroxy-4cHtetrahydrorjyrar^ 
1 (Er-buten-1^)cydopertt-2a^0acetic add lactone; 
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(Ichhydrcocy^tetrahydro 
1(EH>ut8n-1-y!)cydopent-2a-yl)ac8tlc add lactone; _ L . 

(1o^ivdraxy-4ar(tetrahYdropY^^ 
1 (EHHiten-1^l)cydopont-2chyi)ac8tic add lactone; 

(Ic^ydroxy^tetrarrydro^ 
1(EW>utBn-1-yl)cydopent-2a-yl)aceticadd lactone; and 

(1a+ydraxy-4a-(tetrahYdropy^ 
1 (EH>uten-1 ^)cydop^-2a^)acetic add lactone. 

Example 2 

Pottasium (1o>hydr«cy^^tetrahYdropyrar^^ (S- 
buten-1 ^)cydopent-2a-yl)-acetate 

A reaction flask equipped with a magnetic stirrer and reflux condenser topped with a nitrogen inlet was 
charged with 25 ml of tBtrahydrofuran and 5 g of (1a4r/droxy-4a-(tetrahydro 

hvdropyran-2^ytaxyM-phencoo/-1(E add lactone. The suspension was 

stirred until the reactant had dissolved during which time the flask was vacuum purged with nitrogen. An 
aliquot of 3.82 ml of 231 M K0rVH«0 was added and the reaction flask again vacuum purged with nitrogen. 
This solution was then refluxed under nitrogen until the reaction was completed (monitored by tic). The 
cooled solution was stripped to dryness, dissolved in 50 ml of toluene and stripped to dryness under 
vacuum to provide the title compound. 

Proceeding in a similar manner, but repladng the starting material with an analog from Example 1, all 
compounds prepared as per Example 1 are converted to the corresponding potassium salt 

Example 3 

(1c^*utyWlmethyW»Yloxy^ 

1 (EHMiten-1 -^)-cyck>pent-2a-yi Nicotic add 

A 7.76 g aliquot of potassium (1a4iyctoxy-4cHtetrahydrow 
yloxyM^enc*H(EHHiten^ was introduced into a reaction flask and 25 ml of 

dry aTtnethytrarmamide added. Imidazole, 432 g, was added to the stirred mixture followed by a 4.7 g 
aliquot of t-butyidlrnethylsllyl chloride. The reaction was stirred overnight at room temperature after which 
5 ml of water was added with vigorous stirring for 30 to 45 minutes. The product was recovered by 
extraction with diethyl ether, followed by a saturated aqueous sodium chloride wash, after which the 
solution was dried over sodium sulfate and the solvent removed under reduced pressure. The residue was 
further purified by passing it through a 350 ml T sintered glass filter funnel packed with 95 g silica gel 
slurried In 10% vrV ethyl acetate/hexane, the free add being etuted with 1 L of 10% ethyl acetate/hexane. 
Appropriate fractions were combined and the solvent removed to give the title compound. 

By the same method, the compounds prepared In Example 2 are converted to the corresponding t- 
butyldlmethytsilyi ether compounds. 

Example 4 

Methyl (1Crt-butyidimethyWlv^ 

phenoxy-1 <E}-buten-1 ^><yclopem-2a-yl)acetate „ , 

Drydimethytformamide, 80 ml, and 024 g of (1 o^utyidirnethytsilylox^ 
3H3cHtetrahydropyrari-2^^ add ' 3 00 9 NaH ^°a 

and 12.01 g methyl iodide wore introduced Into a reaction flask equipped with a stirrer and reflux 
condenser topped with rVvac/septum Inlet. The flask was vacuum purged five times with nitrogen and 
then heated to between 40— 45*C and stirred overnight. Additional methyl iodide (1.46 g) was added and 
the reaction continued at 40-48°C over a second night. Water 500 ml, was then added to the reaction 
mixture which was then extracted with 3 x 50 ml of methylene chloride. The combined methylene chloride 
layers were further cSIuted with an equal volume of hexane. The resulting organic layer was washed with 
water (2x50 ml), saturated sodium chloride (1 x 50 ml) and dried over sodium sulfate. Evaporation of the 
solvent afforded a residue which was further purified by silica gel column chromatography. The silica gel 
was prepared In 15% ethyl acetate/hexane and the compound elutad with that solvent mixture. Combined 
fractions were stripped to dryness to give the captioned compound. 

Proceeding in the same manner, but substituting for the starting compound named herein, the 
compounds prepared In Example 3, each compound prepared In that Example may be converted to its 
methyl 



Example 6 

(lo^utyldlmetrryWryloxy^ 

1 (E>-buten-1 ^H^dopent-2a-yi >-2-ethan-1 -ol # , 

Into a reaction flask fitted with a NJvac/septum was introduced 53 ml of dry toluene in which was 
dissolved 63 g of methyl 0o>t4>utyidirr*emy«dlylox^ 

pyren-2-ylc^Mi>henoxy^ "The reaction was cooled in an ice bath 

and vacuum purged five times with nitrogen. Using a dry syringe transfer technique, 21.4 ml of 
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cfiisobutytalumlnum hydride, 14 M in toluene, was placed in an addition funnel and added to the cool 
reaction solution over about 20 minutes. The Ice bath was then removed and the reaction mixture checked 
by tic after 30 minutes. If the reaction was not complete an additional 4.28 ml of the hydride solution was 
added. When reduction was complete, the reaction mixture was diluted with 26 ml of dry hexane and 4.32 g 
of sodium fluoride powder was added with vigorous stirring. A 139 ml aliquot of water was then added 
with stirring. After an adcBtional 30-40 minutes had elapsed, during which stirring was continued, the 
reaction solution was filtered through celfte and rinsed with 100 ml methylene chloride. The solvent was 
then stripped off under vacuum and the residue further purified by silica gel column chromatography. 

Proceeding in a similar manner, compounds made in Example 4 may be transformed to their 
corresporufing alcohol. 

Example 6 

(1a*-butyldirnethytsUyk^^ 
1(E)-buteiv1^H^clopem-2a-y^2-ethan-1-ol 

The following process is an alternative method for making the captioned alcohol. 

A 1.08 g aliquot of methyl (lort^nrtyldimethyldly^^ 
(tetrehydroFyrai>2-ytoxy)^ was weighed into a round 

bottom flask equipped with a stirrer and septum/rVvacuum inlet Dry tetrahydrofuran, 1 1 ml, was added to 
dissolve the acetate. The flask was placed in a water bath at about 18— 20°C and purged five times with d , 
nitrogen. Then 0392 ml of borane methyl sulfide was added dropwise over 30 minutes. Stirring was thr.n 
continued for about 3£ hours. Methanol, 1 ml, was then added dropwise, gas evolution being controlled by 
the rate of addition. An additional 5 mi of methanol was then added, the solution then being stirred li i 
another 30 minutes. The reaction mixture was then concentrated. The residue was dissolved in methanol 
and reconcentrated. The sepond concentrate was dissolvfied in 25 ml of diethyl ether and washed with 1 x e 
ml of water, 1 x 5 ml of saturated aqueous sodium bicarbonate, 1 x 5 ml of brine and dried over sodium 
sulfate. This dried solution was filtered and concentrated, giving a colorless otL 

The oil from above was further purified by percolating it through a column of 10 g of silica gel packwcf 
wet In 10% ethyl acetata/hexane. The product was edited with successive portions of 200 ml 10% eth ; i 
acetatamaxane, 200 ml of 20% ethyl acetatamaxane and 200 ml of 30% ethyl acetate/hexane wit 
collecting 20 ml fractions. Fractions 12—30 were combined and the solvent removed In vacuo, giving \ 
captioned product as a colorless oil. 

Example 7 

(lo^utyWirnethytsflyloxY^^ 
1(EMx^ten-1^)<yclopent-2a-yl)acetaldehyde 

A reaction flask was fitted with an addition funnel and dry nitrogen inlet/outlet valves. 150 ml o! 
anhydrous methylene chloride and &96 g of anhydrous chromium (VI) tricodde was placed in the flask. Ti , : 
flask was vacuum purged with dry nitrogen and cooled in an ice bath to approximately 15°C. To the fla :.: 
was then added with vigorous stirring 9-46 g of anhydrous pyridine after which the reaction mixture w.. 
stirred vigorously under dry nitrogen at ambient temperature for 30 minutes. Dry celite (5.0 g) was th, v, 
added under nitrogen followed by 4.7 g of {1^4>utyWlmetm/lsflyl^^ 

<3a^tetrahydropyrart-2^ax^^ in 18,5 ml -A 

anhydrous methylene chloride. The reaction solution was stirred for 15—20 minutes, or until tic indicai o 
the reaction was complete, at which time 12£ g of pulverized sodium hydrogen sulfate monohydrete ■., 
added. After an ad<fitional 15 minutes of vigorous stirring, the reaction mixture was filtered anc ;».» 
retentate washed with methylene chloride (3 x 50 ml). The combined methylene chloride solutions v, 
washed with 3 x 60 ml of water and the aqueous layer back extracted with 2 x 25 ml methylene chlori.' 
The dried (anhydrous sodium sulfate) methylene chloride solution was stripped under vacuum to pro 
the captioned compound. 

By this means, the compounds prepared In the Examples 6 and 6 are converted to their correspond } <> 
acetaldehyde as illustrated by the following compounds: 

(1a44Hrty1<fimemyisirytoxy-4^ 
trrfluorornetfiytpherxixyM^ 

<1a*b"tyldlmemyia*^ 
fluort>pheru>xyM(EHxjterv1^H^ 

(1a^>utytdimemyisUytoxy-4^ 
fluorophenaxyM (EHxiten-1^>^yc(opent^2a-y1 Acetaldehyde; 

. (1a^-butyicUmemyisilykay-^^ 
fluortx*enaxyM(E>^buterM 

(1«-butyldime«hyUaytoxY^ 
chloiopherKixyMtEHMit^ . 

(1a*butytdinrMtfiylsilylax^^ 
chloropherwxyM(EHxiti^1^ 

(1«4wtyldlm«thylsBy^ 
chloropherKixyM{EH>utBn-1^H^o^ 



16 



EP 0170258 B1 

(1a^utyl<flmethylsltytoxy-4a^^ n-, 
bromophenoxyM (E)-buterv-1 -yl)-cyclopent-2a-y1 (acetaldehyde; 

(1o44>utyltf methyls! tyloxy<4cM^ ropyran-2-y1oxY)-4^' - 

bronru)phenoxyM(E)-buten-1^h^^ 

(1a44Hityldim8thytsilyk)xy-4a^tatra 
bromophenoxyM(Er-toterHl^r^cto 

( 1 a^4Hjrtytdlmetfiyl3ily loxy-4<Ht6trahYd ropyra n-2-ytoxy )-3{M3a-(tetrahyd ro pyra n-2-yioxy}-4 { - 
methylphenoxyM (E>^utan-1^h<yclopent-2a-y1)aortaldehyde; 

(lo^xjtyidimethylsir/toxy^^tetra 
methyJphenaxyM(EH>utBtv1^r<^ 

(1 a*4>utyldlmetrtytsJrylco<y^^ -4-( m 

methylphenoxyH (E)4)uten-1^yl^cyolopem-2a-yt)acetaldehyde; 

(1cK4xttyidimethylsifyk»cy^ 
nwthoxyphenoxy-1 (E>-butert-1 ^)<Ydopent-2a^)acetaJdehyde; 

( 1 a^xrfyldirnemytsf ryioxy^-ftetrahyd ropyra r>-2-y<oxy >-3^3a-(tetrahydropyran-2-y*oxY) -4-< o- 
methoxyphenoxyM (EHxiten-1^)<ydopem*2a-y1)ac8taldehyde; and 

(1o4-^xity!dimethvl8ifykixy^^tetrahydropyra 
methoxyphenoxyM (E)-but8«Hl^)-cydopefn-2c^)a€etaldehyde. 

Example 8 

(IcrtButyldlmethylsiryloxy^^t^^ 
1(EHxrten-1^)<ydopent-2a^)aoetaldehyde 

Alternatively, the captioned aldehyde can be made directly from the methyl ester of Example 4 by 
means of the following reaction. A 100 mg aliquot of metrryi^la-t-botyldimethylsilyloxY^ > 
(tetrahvdropyran-2^oxy^p^3aHtB^ 

yl)acetate was weighed into a round bottom flask fitted with a stirrer and septrurrt/NsA/acuum In lot. Tolune, 
1 ml, was added and the system vacuum purged with H* five times. This solution was cooled in a dry Icvj 
Isopropanol bath and 0324 ml of 1M diiosobutylaluminum hydride In toluene added was added drupwHo 
over about 8 minutes. This solution was stirred under nitrogen at -78°C for 2 hours and then dilute with 
10 ml of diethyl ether. The cold bath was removed and 4 ml of saturated aqueous ammonium cMori - 
added, the resulting solution being stirred vigorously for 30 minutes and then filtered through coli; . 
aqueous layer was extracted with diethyl ether, the extracts were combined, dried, and tiv; V 
removed in vacuo to give the aldehyde as an oil. 

This reaction may be used to convert any other methyl ester prepared in Example > 
corresponding aldehyde, as illustrated by the following compounds: 

(la^-butyidirrMrthyisiryloxy^^ ■ 
hexytphenoxyM (E}-buten-1 ^)-cyck>pem-2a-yf)acetald©hyd©; 

(1 a*4>uty I di methyl sirytoxy^^ { ; 

hexylphenoxyM (EHxiten-1 ^Hydopem-2a-yl)acetaldehyoe; 

(1o<-^utyldJrnemylsiryk^^^tetrahydro i 
hexytphenoxyM (EHiuten-l^r^rctopem-^^ 

(1a*-butyWimetrtyisirykjx^^ ( = 

hexyioxy-phenoxyr-1 (E>-buten-1 -yl hcyclo pent-2o-y I ^acetaldehyde ; 

(1a4-butyldimethyisiryloxy-4^ ■{-: 
hexyk>xy^enaxyM(EH>utBrM^ and 

(1a^4xjtyldlrnethyt8irylc*y^ ; ; : 

hexylaxyi»henoxyM(EHH^^ 

Examples 

(lo^^utyWimethylsiryl^^ 

1 (EH>uten-1 -yl)-cycloperit-2a-yl M -but-3-yn-2-ol 

To a reaction flask fitted with a pressure equalizing addition funnel and dry nitrogen inlet/outlet valves 
was added 4.65 gm (73 mM) of (1a^4>uty1dirnethyl^ilyloxy-4<Mtetrahydropyra 
(tetrahydropyran-2^oxy>^henoxH^ in 30 ml of anhydrous 

methylene chloride. The flask was vacuum purged with dry nitrogen and cooled to approximyu f y 
while stirring vigorously. To this solution was added 9.0 ml of a 1.25 M ethynyl magnesium culorkio 
solution In tetrahydrofuran after which the pot was stirred for 5—10 minutes at ambient temper^? e c, 
until the reaction was complete as indicated by tic. Then 30 mi of methylene chloride and 50 mi of vwr,\ 
(35°C) filtered, saturated aqueous ammonium chloride was added and the solution stirred vigorcu ■ ?i ,• ; r 
5—10 minutes. A 50 ml aliquot of warm water (35*C) was added with an additional 5—10 minute ^^i\o 
time. This solution was then filtered and the retentate washed with 50 ml of methylene chloride am: 
aqueous layer extracted with 2 additional 15 ml portions of methylene chloride. The combined matliyk-o 
chloride extracts were mixed with 100 ml of water, the methylene chloride layer being removed an- l;u 
aqueous layer beck-extracted whh 20 ml of methylene chloride. The combined methylene ci;-v; . 
solutions were dried over anhydrous sodium sulfate, filtered and the solvent removed und« 
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pressure to afford the captioned compound as an oity residue. 

The individual Isomers may be separated as follows: the oil from above was chromatographed on 
silica gel made up in hexane, the product being* edited with 5% — 15% ethyl acetata/hsxane in 5% step 
increments of ethyl acetate. This separation technique afforded two fractions, each comprising a 
stereochemical^ pure propargyl alcohol. 

A 1 *C NMR spectrum was measured for the purified, but unseparated mixture of the two stereoisomers 
of (1o*4a-dihydtt»xy~3P^3a4i^ and for 

the two Individual isomers after chromatographic separation. The protecting groups at C-9. C-1 1 and C-15 
were hydrolyxed by -add before measuring the NMR spectra. Acid hydrolysis was effected by acetic acid 
using the conditions and reagents set out below in Example 17 though the reagents and conditions of 
Example 18 could also be used for this purpose. The spectra were measured in CDC1VCD,0D on a Broker 
WM 300 spectrometer operating at 75.473 MHz using a spectral width of 18,500 Hz, 40° flip angles and 1 6K 
data tables, zero filled to 32K after application of a IX) Hz line broadening giving a digital resolution in the 
frequency domain of 0.03 ppm. Tetramethylsilane was used as the internal standard for ail specim. 

The resulting spectral data are set out in the following charts. The chemical shift is given for each 
carbon in the formula. Numbers 1 to 16 signify the particular carbon in question relative to formula t. 
Numbers 17 to 20 signify the oxygen-substituted, ortho, meta and para carbons respectively cf the 
phenoxy moiety. In this Example the first three carbons are not present so there Is no chemical shift 
recorded, designated by the letters NAfbr "not applicable." The separated isomers are designated " : " and 
"2" solely for the purpose of Identification. 

ISOMER MIXTURE 



1. NA 


6. 60.66, 61.37 


11.7636, 76-95 


16. 71.66 


2.NA 


7. 34J28, 35.71 


12. 55u47, 55.76 


17.158.56 


3. NA 


8.45^12,47.33 


13. 13039 


18. 114.75 


4. 72.68, 73.39 


9.71.84, 71.96 


14. 13436, 134.95 


19. 129.56 


5. 8438, 85.17 


10, 42.10, 42.19 


15.7030,70.97 


20. 121.20 




ISOMER 1 






1. NA 


6.60.69 


11.77.03 


16. 71.64 


Z NA 


7.34.20 


12.SS34 


17. 158.54 


3. NA 


8.46V56 


13. 130.70 


18. 114.70 


4.7336 


9.71.89 


14. 134*92 


19. 129.56 


5.84^7 


10. 42.01 


16. 70.92 


20. 121.20 
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ISOMER 2 

1. NA 6.6136 11.76*6 16.71,66 

2. NA 7.36.71 12.55.82 17.158.57 

3. NA S\47w43 13.130.86 18.11475 
4,72.54 9.71.94 14. 134*6 19.129.56 
5.85.18 10.42.10 15.70.87 20.121.21 

By using the same reagents and conditions and repeating the chromatographic separation outlined 
here, the acetaJdehydes prepared In Examples 7 and 8 are converted to the corresponding alcohol and may 
be separated Into the Individual stereoisomers. The following list of compounds illustrates some of these 
compounds: 

(1 a*4utykflme*hyt3i1ylcxy-^ 

trifluoromethylphenooxyM(EH^ 

(1o>t-*utyWimethylttiylc^ 
fl uorophenoxy M (E Mxiten- 1 -yi r-cyd operrt-2a-y1 ) 1 -but-3-y n-2-o I ; 

(1a-t^>utytoirr«thytorylaj^ 
fluorophencocyMfEHbuterHl-yir^ 

(1 crt-4>utyldimetrrylsilyloxy^ 
fluorophenoxyM (EHxiten- 1 -yf hcyd opent-2a-yl ) 1 -but-3-yn-2-ol ; 

(1oH-4>utyld]nt64hylsiryloxy^^tetra 
chtorophenaxyM (E)-buten-1 -yl}-cyclopent-2a-yt)1 -but-3-yn-2-ol; 

(1o^-butyWlinetrrytalrytoxy^ 
chlorophenoxyH (EMHrten*1-yl)Hr/ck)pent-2a-yl)1-but-3-yn-2-ol ; 

(1a44Hityldimeihy1silytax^^ 
chlorophenoxy>-1 (E)-buteo-1 *yt}-cyclopertt-2a-yl)1 -but^yn-2-ol ; 

(Icrt^xitYldlrrietrrytsflyloxy^^tetrahy^ 
bromophenoxyM (EHxrtefVl -ylHydopent-2a-yl) 1 -but-3-yr>-2-ol ; 

(1cht4xityknmethyuUryk>xy^^tetra 
bromophenoxyM (EHxrten-1 ^ji><ydopent-2a-y1)1-but-3-yn-2-ol; 

(1cR-4xrty1din*ethyUiryloxy^ 
bromophenoxy M (E)-buten-1 <^)-cycJopent-2a-yl) 1 -but-3-yn-2-oI; 

(1a^-butyldImethylsiryloxy^^tetrahyd 
inetWphefK)<xyM(E)-butBrHl^ 

(1a^-butyidirt>ethyisir/iox>M^ 

methylphenoxyM(EMxiten-1-ytr^^ 

(1«4xrtyldlmetrrYrtsftykixy^^t8tra 
methylpriefMKyM(E}-butB^ 

(1 cht&utytdiniethylsiryloxy-^^ 
methoxyphenoxyM (E)^ut8fv1^r^ydopem-2a^)l4x^^yn-2-ol; 

(1 a4-buty1dirr>etfiYlsiry^ 
methoxyphe«ioxyM(Er-buter^^ 

(1cH4Mity1dJmethylsirytocy~4^ 
methoxyphenoxyH (EHMiterM^r-cydopem-2o^)1-but-3^ 

(1cK4xrtyidIrnethytsUyloxy-4a-<tetrahYdro 
hexylphenoxyK-l (E)-buten*1 «yt}-cycIopent-2a-yl) 1 -but-3-yn-2-ol ; 

(1a4^>utyldimetrrytsiryloxy^ 
hexylphenoxyM (EMxJten-1 <ylKcyclopent-2a-yl] 1 -but-3-yn-2-ol ; 

(1a4^ut^dlrnethytsirytaxy^ 
hexylphenoxyM <EHxjten-1 ^h^clopent-2a-yl)1-but-3-yn-2-ol; 

(1a4^utyldirnetrrylsfl^ 
hexyfoxy-phenoxyM (E}-buten-1 ^>-cydopent-2a-yl)1 -but-3-yn-2-ol; 

(1 o>t-4Mityldlnfielfiyl8W 
hexyloxy-phenoxyM (EHxiten-1 -yl r-cyd opent-2a-yi) 1 -but-3-yn-2-ol ; and 

(1 crt-butyWimetrrylsflyloxy-4o^ 
h6xyloxy-pheWyH(EHxJterHl^)<ydoD^ 

Example 10 

EtrryH1a^>utyldirnethyl3irytoxy-4c^ 
pherraxy-t(EHHiten-1^)<ycjbpent-2o^ 
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A three necked flask was fitted with a nitrogen inlet needle, pressure equalized addition funnel and 
vacuum type distillation head fitted with a cold finger condenser. A solution of 3.1 8 a of one isomer of ( 1 a-t- 
bijtylolmethyisflyioxy - 4a - (tetrahydropyran - 2 - yloxy) - 3M3o^tetrahydropyran-2-yloxyM-phenoxy-1 (E>- 

buten-1^H^opem-2o^>-1-but-3^rn-2-ol in 18 ml of triethyl orthoacetate, to which was added 0.18 ml of 
glacial acetic add, was introduced into the reaction vessel. Dry nitrogen was bubbled through the reaction 
solution which was heated with stirring in a 170— 176°C oil bam. Over a period of 30—35 minutes an 
additional 0.1 ml of glacial acetic acid and &0 ml of trfethyl orthoacetate was added to the reaction solution. 
A 6 ml volume of triethyl ormoacetate-ethanol-acetic acid was distilled out of the reaction system after 
which the hot reaction solution was transferred to a second flask and 12.0 ml of toluene added to the 
reaction solution. The reagents were then distilled off under reduced pressure to give an oil. Toluene was 
added to this o0 after which the toluene was removed under reduced pressure to afford the captioned 
compound The crude allenyl ester was then chromatographed on silica gel eluting with a gradient of 
hexane to 50% ethyl acetate/hexane to separate the allene from Its propargyi alcohol precursor. 

Proceeding in the same manner, each of the individual isomers, or an unseparated mixture, of the 
compounds prepared in Example 7 and 8 are stereospecifically rearranged to their corresponding 
dieneoata illustrated by the following compounds: 

emyM1o>t4Mitylo1meOTylsirv^^ 
trifUioromethyiprwncocyM (EM>uten-1^)<ydopem-2a^}^exa^Adienoate; 

emyM1a4^XJtytaimemylsirytox 
fluorophefKucyM (EMx4JBfM^)-cydo 

emyMla*-butyldime*hylsiry^ 
fluoropherKJxyM(EH>uten-1^}<y^ 

ethyH1cht«4xrtyIdimemylsifyto 
fluorophenoxyM (E>-buterHl^H^opent-2a^)1^exa^Adienoate; 

ethyMlcH-butyldirnemyisi^ 
chtoropherK>xyM(EHxiten^^ 

ethyM1tt*4xrtyWimetm^ 
chk>rophenoxyM(E}-but^ 

emyHlo*4>utyldlmethyls^ 
chlcrophenoxyM(EHxjten-1^Kcyctop^ 

emyMla^4xjtyldmetfiyl8iry^^ 
brorTKiphenc*yM(EH>utafv1^M^^ 

ethyHlCr*4xjtyldime^ 
brorrwprtencxyM(E>-butBn-1^ 

ethyHlort^xityldfrneui^^ 

bromophenoxyM(EH>utefv1^H^^ 

etrtyM1a^4xirytoImetrry^^ 
methy1phefKwcyM(EH>u^ 

emvHlOrt^xjtyldimetfryts^ 
rrN*hylprMjrwxyM(E)-but^ 

etrtyHla^-butyWimethyts^ 
methylphenoxyM (EH>uterHl^H^opem-2a^)1-64iexa^ 

ethyH1a*-butykiinMmytsa^^ 
niemoxyphenoxyH(EMxjterHl^)<yc^ 

etfryHlo^Mityldimeth^ 
memoxyphefKixyM(EH>uten-1^)-^^ 

etrtyMl«-4xitykJIn*ethyl^^ 
methoxyphenoxyH (EHxjterv1^><^opent-2ci^)1 

ethyMlcrt-fcutyldimethyl^^ 
riexylpherioxy)-1(EH3ute#v1^)H^cto 

emyM1o>4-butykKmetlr^^ 
hexy(phenoxyH(EMxjten-1^)-cyc^^ 

etrtyHl«4>utykflmethyisfl^^ 
hexyiphenoxyM<EH>utefv1^><yc^ 

etriyHlcH-butyldirnetm^ 
rtexytoxy-prtenoxyKl (EH>uten-1^H^opem-2a^>^exa 

ethyMlo^tatyidimet^^ 
hexyioxy-prtenoxyH(EH>uter^ and 

ethyM1a*-butykiirr^ 
rwxytoxys>rwfwy)-1(E)-b<iten^ 

Example 11 

(1a^-butytdim«myWryk>xy^ 

1 (EMxiten-1 ^H^op«m^chyl)1 ^ex»-3Adien-1 -oJ 

To a three neck reaction flask fitted with a thermometer, pressure equalization additional funnel, dry 
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nitrogen Inlet and vacuum outlet was added 62.5 ml of absolute diethyl ether; the reaction system was then 
purged using dry nitrogen. There was then added, in portions, under a dry nitrogen atmosphere with 
stirring, 0.32 g of powdered lithium aluminum hydride. The solution was stirred for 16—20 minutes at 
ambient temperature and then cooled to about 10°C. A solution of 6.56 g of ethyHla-t- 

s butyldmethyWrytoxy^-ftetrah^ (E)- 
buten-1^)-cydopent-2a^)^exa^^ienoate In 23J5 ml of absolute diethyl ether was added at a rate 
which maintained the temperature between 10— 15°C Trie reaction mixture was then stirred at room 
temperature until the reduction was complete, then again cooled to about 10°C and 3.0 ml of acetone added 
over about 15 minutes after which the reaction pot was stirred for an additional 15 minutes. There was then 

to added dropwise 2J5 ml of saturated aqueous potassium sodium tartrate. When there was no more 
evolution of hydrogen gas, an additional 29.0 ml of saturated aqueous sodium potassium tartrate was 
added, the reaction pot being at ambient temperature. The aqueous phase was recovered and extracted 
with 2 x 26 ml of ethyl acetate. The combined ethereal and ethyl acetate extracts were washed with 35 ml 
of water. The organic layer was then dried over anhydrous sodium sulfate, filtered and concentrated in 

is vacuo to give the title alcohol. 

These same reagents and conditions will reduce any of the dienoate compounds prepared in Example 
10 above to the corresponding alcohol. 

Example 12 

20 (la-t-butyldimethylsiryloxy^ 

1 (EWxjter>-1^r<^opent-2a-yl)-6-{1 -methanesutfonyloxyHiexa-3 ,4-diene 

To a reaction flask fitted with nitrogen Inlet/outlet valves and mechanical stirrer was added 7.24 g of 
(1a-t4xjtyldlmemylslryk)xy^^ 

1 (E}-buten-1 ^><ydopent-2a-yl>-6-hexa-3Adierh1 -ol in 67 ml of anhydrous methylene chloride. To this 
25 was added 6.7 ml of anhydrous triethylamine at which time the system was purged with dry nitrogen and 
cooled to about — 30°C There was then added 2.35 g of rnethanesuKbnyl chloride in 13.5 ml of anhydrous 
methylene chloride over a 15—20 minute period while maintaining the reaction solution at its initial 
temperature. The reaction mixture was then stirred until the reaction was complete, about 30 minutes. The 
cooling bath was removed and a solution of 2.0 ml of triethylamine In 20 ml of methylene chloride was 
30 added followed by 20 ml of saturated, aqueous sodium bicarbonate. The methylene chloride layer was 
recovered and the aqueous layer extracted with 2 x 50 ml of methylene chloride. The combined methylene 
chloride extracts were washed with 20 ml of saturated sodium bicarbonate-water (1 :1— V:V). The organic 
layer was dried over anhydrous sodium sulfate and solvents removed under reduced pressure to yield the 
captioned compound. 

35 Proceeding In this manner, but substituting for the recited dienol, any of the other dienols which are 
prepared by the method of Example 11, such dienols may be converted to their corresponding mesylates. 

Example 13 

(1a^-butylo1methyurilyloxy-4oH^ 

40 1 (E)-buten-1 -y1)-cycIop«m-2o^)~64)exa-3 ,4-dleno-l -nitrite 

To a flask fitted with dry nitrogen inlet/outlet valves was added 47 g of potassium cyanide and 1 6.5 ml 
of anhydrous dimethylsuffoxide. This mixture was stirred under dry nitrogen at 75 — 80°C for about 30 
minutes. There was then added, in one portion, a solution of 8.13 g of (1a-t-butyldimethyIsilyloxy-4a- 
(tetrBhydropyiBiv2-yk^ (EM>uten-1 -yl)-cyclopent-2a-yl )-6- 

45 (1-memansuhxx^ylcoryM>exa^Wiene in 20 ml of anhydrous dimethylsulfoxide. The reaction was 
continued for about GO minutes in the 60— 80°C bath in order to effect completion of the reaction. The 
reaction solution was then cooled to about 40°C and 5 ml of methylene chloride added. This mixture was 
then further cooled to ambient temperature and transferred to a separatory funnel containing 120 ml of 
methylene chloride. The reaction flask was washed with methylene chloride, the washes being transferred 

bo to the extraction funnel. The methylene chloride solution of crude nitrile was shaken with 160 ml of water 
whereupon the upper aqueous phase was recovered and extracted with 3 x 40 ml of methylene chloride. 
The combined methylene chloride extracts were washed with 120 ml of water. The combined aqueous 
phases were then again extracted with 40 ml of methylene chloride. All methylene chloride extracts were 
combined and dried over anhydrous sodium sulfate, filtered, and the solvent removed under reduced 

SB pressure to yield the captioned compound. The crude nitrile was further purified by passing the crude oil 
through a silica gel column, eluting with a hexane/50% ethyl acetate-hexane gradient to give fractions of 
the captioned compound. 

The other mesylates, or a similar suifonyi ester, prepared In Example 12 may be converted to their 
corresponding nitrile by the foregoing method as illustrated by the following compounds: 

60 (IcH-butytourietm/lsir/i 
trffiuo«methy1pbenoxyM(Er^^ 

(1oH-butyidimethyisiryto^ 
fluorophenoxy>-1 (E>-butan-1 ^>-cydo^em-2a^>-64>ex8^^ieno-1 -nhrile ; 
(lQrt-b<ityloTmethyW^ 

6* fluoroprteooxyM(E)-buten-V^ 
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{1eK^utyidknethyteflyic«y-4^ 
fluorophenoxyM<EH>ut)BrM 

{1a«4xrty^methyWlylaxy^ 
chto rophenoxyM (EH>uten-1 -ylHcydopent-2a-y1 Adiooo-1 -nhrile; 

5 (1 a*4>utykttmethytsiry^^ 
chlorophenoxyM(E)-bin^n-1^}<y^ 

(1 a^xitykfirrmtiTyisir^^ 
chlorophenc^MfEr-butenM^ 

(1 o>*butykiimethylsirylc^ 
10 bromophenoxyM(EHxrten-1^)<yclopen^ 

(1 a*4x^tyfdirneaTylsUykwy^ 
bromopbenoxyM (E)-buten-1 ^)-cydopent-2a^)-64iexa^>l^idno-1 -nitrile; 

(la^xjtytdlmethytsuyki^^ 
bromophenoxy)-1(Er*buten-1^)<v^ 
is (1ckt-butytdimethYlsayl^^ 
nwthvlpherwxyMfEHHrter^^ 

(1cK-butyto1rnethylsSr^^ 
methyfpheraKyM(EHxiten-1^ 

(lat^xjtyldirnethyldryfox^ 
20 methylphenc^M(EHuiten-1-^)-^ 

{1 o*4wtyidirnethYisiryIaxy^^ 
methoxyprierw»cyM(Ehbuter^^ 

(1ch*4xjty1dirnethyisir/loxy-4^^ 
methoxyphenoxyM (E}-buten-1 -y<>-cyciopent-2c^v1 )-6-bexa-3A<J ieno-1 -nitrile ; 
26 (1o>t4xjty1dimethyisilytoxy4^ 
metooxyph8noxyM(ERwten-1^^ 

(1 a^-butyrldlmetrtyislrylcay^a^ n-2-yfoxy HMp- 

hexylphenoxyH (E)-buten-1 ^}<ydopem-2a-y<^6-hexa-3A-dieno-1 -nitrile ; 

(1a*-but^methyteir/loxi^ 
30 r*»cyiphenoxyM(EH>uten-1^HY^ 

{1a*4>utyldimethy»dlyioxy'^ 
hexylphertoxyM(EH>utert-1^}^clope^ 

(1a*4>utyio1methyisllytoxy-4cHteta 

36 (la-t^jutykflmethyUilylaxy-^ 

hexyloxy-pheiwxyM(EH>ut^ and 

(1a^4>utytdImethylsily1oxy-4aHtetra^ 
hexyioxy-phenoxyM (EHx^n-1^)-cydQpent-2a^HM>ex3^,^ 

40 Example 14 

Methyl 9a-hydroxy-1 1 a1 5a^s^tetrahydropyran-2-yiaxyM 6-phenoxy-1 7,1 8 r 1 9,20-tetrano^p^osta- 
A reaction flask fitted wfth a condenser and nitrogen inlet/outlet valves was charged with 3A7 g of the 
1 -nitrile from Example 13 dissolved In 37.0 ml of 2-methoxyethanol. To this was added a solution of 0.9 g of 
potassium hydroxide in 3.1 ml of water after which the system was vacuum purged wfth dry nitrogen. 1 he 

46 reaction was then heated at reflux under nitrogen for approximately 63 hours. The reaction mixture was 
then cooled to about SO — 60°C and the solvents removed under reduced pressure. The residue w»v 
dissolved In 5.0 ml of water and transferred to a reaction flask equipped with a pressure equalization 
additional funnel and pH electrode. The solution was cooled to between 5— 10°C and cool (10°C) aqueous 
hydrochloric add (1 part cone HO to 2 parts water) was added until the pH of the solution w>< 

so approximately 2. Ethyl acetate/diethyl ether (1:1), 20 ml, was added and the system stirred at ambient 
temperature. The aqueous phase was recovered and extracted with additional 2 x 20 ml aliquots of eth . i 
acetate/diethyl ether (1:1). The combined organic layers were washed with 2 x 5 ml of water, dried o v ' ■ 
anhydrous sodium sulfate and filtered. Solvent was removed under reduced pressure to yield a cn ' ; 
residue of the captioned add. 

55 At this point the acid may be recovered and purified by conventional means such as by extract^", 
chromatography and the tike. 

Alternatively, however, without further purification the crude add was transferred to a reaction flask i, ; 
45 ml of dimethytformamide. To this solution was added 1.66 g of powdered sodium bicarbonate folio v ; 
by IS ml of methyl iodide. 

fit? This solution was stirred at 4S°C for 48 hours or until esterification was completed. The reaction 
mixture was fBtered through celite. The Alter caJoa was washed with SO ml of methylene chloride and iho 
combined organic solvents were evaporated under reduced pressure to afford an oily residue. This resiJ-j o 
was taken up in 65 ml of methylene chloride which was washed with 2 x 15 ml of water. The aqueous lay* a 
was back-extracted wfth methylene chloride which was combined wfth the other methylene chlori.;. 

€6 solution, dried over anhydrous sodium sulfate and Altered. Removal of the solvent afforded a crude u - - : 
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ester which was further purified chromatographically on silica gel. Chromatographic purification was 
effected using a hexaneV50% ethyl aoetate-hexane gradient, 76% ethyl acetate-hexane and finally ethyl 
acetate, as needed. Fractions containing the pure methyl ester were combined and the sol "> *t removed 
under reduced pressure to give the captioned compound. 

This procedure will also serve to convert the other nitrile compounds prepared in Example 13 to their 
corresponding 9-hydroxy-dienoic methyl esters, illustrated by the following compounds: 

methyl 9o-hydraxy-1 1o*16a-bWtetralrydropyran-2^ 17,18,1 9,20- 

tetranorprosta-4^,13(E)trienoate; 

methyl 9orhydroxy-11a15a4)Mtetrarrydropyra 
tetrarK>rprosta^^,13{E)trienoate; 

methyl 9a-hydroxy-1 1 a,1 5a-bis-<tetrahydropyran-2-yloxy)-1 &-m-fluorophenoxy-1 7,18,19^0- 
tetrarK)iprosta^A13(E>^enoate; 

methyl 9arhydroxy-11o,15a-bMtetrahydropyran^ 
tetram>rprosta^J3(EHdenoate; 

methyl da-hydroxy-1 1a,16a-bMtetrahydropyran-2-yk>xyH 6-p-fluorophenoxy-17,1 8, 1 9,?G- 
tetrarK>oprosta-4^,13(E>-trienoate; 

methyl Sa-hydroxy-l 1aJ 5a4jMtetrahydropyran-2-yioxy>-1 6-p-ch lorophenoxv-1 7, 18,19,20- 
tetranoiprosta^4A13(EKtrienoate; 

methyl 9a-hvdroxy-1 1a,1 6a4>Mtetrahydropyran*2-yloxyM 6-o-chlorophenoxy-1 7, 1 8, 1 9, ?0- 
tetranofprosta-4^;13(E>4rienoate; 

metm/!9o>4iYdroxy-11a,15a-b^ 
tetranorprasta^^lSIEMrkHrwste; 

methyl 9o>hydroxy-11a15a^>isHtetrar^ 
tetrarwrprosta^A13<EHrieooate;- 

methyl 9a-hydroxy-1 1 a,1 5a4iis-ftetrahydropyran-2-yloxyH fro-bromophenoxy-1 7,18,19,20- 
tetrariorprosta^^,13(EHri8noate; 

methyl 9arhydroxHlQJ^-bWtetrai^ 
tetrafK>rpros£a-4A13{E)-trienoate; 

methyl 9chhydroxy-11cu15o-bMtetrarrydn>pyran-2 
tetFanorprosta^^,13(EKtrienoate; 

methyl 9o>hydroxy-1 1 a,1 5a-bis-(tetrahydropYran-2-yloxy)-1 6Kwnethylphenoxy- 1 7, 1 3 , 1 , ? 0 : - 
tetranorprosta^,13(EHrienoste; 

methyl 9a-hydraxy-1 1 a 1 5a-bU-<tetrahYdropyran-2-yloxy)-1 6-m-me*hylphenoxy-1 7,1^,1^^0- 
tetranorpro8taA5 t 13(EHrienoate; 

methyl 9a-hydroxy-1 1 a 1 5a-bis-{tetrahyd ropy ra n-2-yioxyM 6-m-methoxyphenoxy-1 7,18,1 9,?(>- 
tetrarKMprosta^^,13(E>-tr$erK>ate; 

methyl 9o^ydraxH1oJ5o>bi^^ 
tetranorprosta^, 1 3(EHrienoate; 

methyl 9a-hydroxy-1 1a1 5a^^tetrahydropyran-2-ytoxy)-1 &i>methoxyphenoxy-1 7, 18,1 9,20 - 
tetrarwiproata^^,13(E>-trienoate; 

methyl 9a^ydroxy-11a15a-bMtetrahydro 
tetrarK>rprosta^,13(EHrienoate; 

methyl 9a-hydroxy-1 1 a, 1 5a-bMtatrahydropyran-2-yloxy)-1 &-o-hexy1phenoxy-1 7, 1 8, 1 9 
tetranorprosta^,13(EHrienoate; 

methyl 9a-hydroxy-1 1 a,1 6a-bie^tetrahydropyran-2-vloxyM 6-m-hexylphenoxy-1 7,18,19."" 
tatrenorprosta-4^ r 13(E>-trienoate; 

methyl 9a-hydraxy-1 1 a1 5a4>Wtetrarrydropyrarv2-yloxyM 6-m-haxyloxYphenoxy- 17,1 8, 1 9 "0- 
tetranorprosta-1(EH>uten^^ 

methyl 9a-hydroxy-1 1a,1 5a^Mtetrahydropyran-2-yioxyM 6-o-hexyloxYph enoxy- 1 7, i 8, i *i . ?c 
tetrarK)rprostaA6,13(E)-trienoate; 

methyl 9a-hydroxy-1 1a,1 &a4)te^tetrahydropyran-2-yloxy)-1 6-p-hexyloxyphenoxy-1 7, 1 8, 1 y , ?o- 
tetranorprostaA5,1 3(E)-trienoate; 

9a-hydroxy-11o/l5a^Htstrah 
trieooic acid; 

9o4iydroxy-1 1 a1 6a^s^tetrahydropyrar^^ 
4£,13(E>4rienofcacid; 

9a-hydroxy-1 lalSa-oMtetrartydTOpy^ 
4£.13<EMrienoicacid; 

9a-4iydroxy-11a15a4>is^tetrarrydropyra 
4£,13(EHrterKMC acid; 

9a-hydroxy-1 1a15a4>*8^tetrahydropyran-2-yk>xyh16-rn-m 9,20-tetr^noT' or - ' - 

4£,13(EHrienoIcacid; 

. 9chhydroxy-1 1 aj 5a-bis-(tetrahydropyran-2-yloxyh1 6-p-methylphenoxy-1 7, 1 8,1 9,20-tetrano «r ' r? - 
4^,13(EHrienoicadd; 
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9a-hydroxy-1 1 a,1 5a^Mtetrahydropyran-2-y1oxy}-16i>HTiethoxyphenoxy'1 7,1 8,1 9,20-tetrano rprosta- 
4,5 r 13(EHrienoicactd; 

9a-nydroxy-1 1 cut 5a4>MtetrahYdropyran-2-yiaxy)-1 6-o-methoxyphenGxy-1 7,1 8,1 9,20-tetranorprosta- 
4.5,1 3(EHrienoic acid; and 

9a-hydroxy-1 1 a,1 5a-biHtetrahydropyran-2-y1oxy)-1 6-p-metnoxyphenoxy-1 7,1 8,1 9,20-tetrano rprosta- 
4,5,13(E)-trienoicadd. 

Example 16 

Methyl 9aKJXO-11a.15a4>Mtetrahydropy^^ 
trienoate 

To a suspension of chromium trioxide (2.66 g) in methylene chloride (100 ml) cooled to about -20°C 
was added solid 33-dimethyipyrazoie (2.68 g) under dry nitrogen. After stirring for approximately 1/2 hour 
at -20°C, 337 g of methyl 9chhydroxy-11o^15a4jMtetrahydropyran-2^oxyM^ 
tetranorprosta-4^13(EMrienoate dissolved in 60 ml of methylene chloride was added. Stirring was 
continued at the reduced temperature for approximately 1 hour. Silica gel (50 g) was then added and the 
solvent removed under reduced pressure. The impregnated silica gel was charged onto the top of a silica 
gel column made up In hexane. Recovery and separation of the title compound was effected by a 5% -50% 
gradient of ethyl acetate In hexane. Combined appropriate fractions were concentrated under reduced 
pressure to give the title compound. 

Proceeding in a similar manner, but substituting the appropriate methyl ester or free acid prepared in 
Example 14 for the 16-prtenoxy^substituted compound herein above, all compounds prepared in Example 
14 are converted to their corresponding OO oxo compound as illustrated by the following compounds: 

methyl 9<>xo-11a,16o^iHtetrahydrgpyr^ 
tetranoiprosta^A13(EHrienoate; 

methyl 9-oxo-1 1a1 5a^iis-<tetralrydropYran-2-yloxyH &-m-fluorophenoxy-1 7,1 8,1 9,20-tetranorprosta- 
4*5,1 3(EHrienoate; 

methyl 9-oxo-11a,1 5o>b Wtetrahydropyran-2-yloxyM 6-o-fluorophenoxy-1 7,1 8.1 9,20-tetrano rprosta- 
4,5,1 3(EMrienoate; 

methyl 9-oxo-1 1 o/l 5cebia-(tetrahydropyran-2-yioxyM 6-p-fluorophenoxy-1 7,1 8,1 9,20-tetranorpr osta- 
4£,13(EHrtenoate; 

methyl 9KJXo-11aJ5a^s^tetrarrydropyrar^^ 
4£,13(EHrienoate; 

methyl 9-oxo-1 1a,1 6a4>i»<tetrBhydropyra n-2-ylaxy M 6-o-chlorophenoxy-17,1 8,1 9,20-tetrano rprosta- 
4,5/1 3(E}-trienoat)e; 

methyl 9-oxo-1 1cu1 5a-bMtetrahydropyran-2-ytoxYM 6-m-chlorophenoxy-1 7,1 8,1 9,20-tetranorprosta- 
4,5,1 3(E}-trienoate; 

methyl 9-axo-1 1a/l 5a-bisHtetrahydropyran-2-y1oxyM 6^^ornophenoxy-17 # 1 8,1 9 r 2(>-tetranorprosta- 
4A13(E^-trienoate; 

methyl S-oxo-1 1a1 5a*iMtetrahydrorjyran-2-y1oxy)-1 6-o-bromophenoxy-17,1 8,1 9,20-tetranorprosta- 
4£,13(EHrienoat8; 

methyl &-oxo-1 1 cu1 ot^is^tBtrahyoVopyran-2-yloxy>-1 6-p-bromophenoxy-1 7, 1 8,1 9,20-tetrano rprosta- 
4^,13(E>-trienoate; 

methyl 9K*xo-11o^16a4>ie^tetrahydro 
4^,13(EHrienoate; 

methyl 9-QXO-11ov15a4MHtetrahydropyre 
4^,13(EMrienoate; 

methyl 9-oxo-1 1o/l 5a4>i3-<tetrahYdropyrarv2-yioxy}-1 O-fn-metrrylphertoxy-l 7,1 8,1 9,20-tetranorprosta- 
4,5,13<EHrienoate; 

methyl 9-oxo-1 1 cu1 6orb^tetrBln/dropyrar>-2-Yk)xyM 6^-methoxyphenoxy-l 7, 1 8, 1 9 ,20- 
tetranorproeta-4M3(E)-trienoate; 

methyl 9-oxo-11ci15a4>i&>(tetrarr^ 
tetranorprosta>4A13(EHr1enoate; 

methyl 9^>xo-11a,16a4)is-(tetrahydropyran-2^ 
tetranorprosta-4^,1 3(Er-trienoate; 

methyl 9K»oo-11a,16a^bia^(t0tFahydropy^ 
4A13(EHrienoate; 

methyl 9-oxo-11a15a-biMtetr8Jtydropyrar^ 
4£/l3(EHrienoate; 

methyl &-oxo-1 1cu1 5a-bis^teti^ydropYrarv2-yioxyM 6-m-hexyiphenoxy-1 7,1 8,19,20-tetranorprosta- 
43,13(EHnenoats; 

methyl &<ixo-1 1a,1 6a4>MtetrBln/dropYrar»-2^oxyM&m^ 7,1 8,1 9,20- 

tetranorprosta-4,5,13(EHrienoate; 

methyl 9-oxo-1 1o,15a4>ifr<tetrarr/dropYran-2^ox^ 7,18,1 9,20- 

tetranorprosta^,13(EHrienoate; 

methyl 9-oxo-1 1 aj 6a^>is-4tetrahydropyran-2-yloxyM S-p-hexytaxyprtenoxy-l 7,1 8,1 9,20- 
tetrariorprosta^,13(EMrienoate; 
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9-oxo-1 1 0,1 5a-bMtetrahydropyran-2-yfoxyM fri^enoxy-IZ^SrlS^tMetranorprosta^^iajE)- 
trienoate; 

9-oxo-11aJ5a-bMtetrahy<iropyran-2-ylo^ 
trienoate; 

9-oxo-11a«15a4)Wtetrahydropyran-^^ 
trienoate; 

&-oxt>-1 1a1 Ba^Mtetrahydropyra^^oxy^l 6-nvfluorophenoxV'1 7, 1 8,1 9,20-tetranorprosta> 
4A13(EMrienoatB; 

9K>xcM1a15a4>Wtetrahya>opyran-2^^ 
4A13<EKrienoate; 

9-oxo-l 1a,15o-bi»-<tetrahydropyren-2-yloxY)-1 6-p-methylphenoxy-17,1 8,1 9,20-tetranorprosta- 
4A13(EHrienoate; 

9-oxo-l 1o,1 5a-bMtetrahydropyran-2-yloxyM 6-p-methoxyphenoxy-1 7,1 8,1 9,20-tetranorprosta- 
4A13fEHrienoate; 

9^xo-11oJ5a4>is^tetrahydropyran-2^oxy 
4,5,13(EHrienoata; and 

9-oxo-l 1 a,1 6o>blMtetrB hydropyran-2-yl oxyM 6-p-methoxyphenoxy-1 7,1 8,1 9,20-tetranorprosta- 
4£,13(EHrlenoata. 

Example 16 

Metm/l^xo-11a16a^s^trtrahydropy^ 
trienoate 

A 0.3 mg aliquot of 9-oxo-1 1 a,1 5a^sKtetrahydropyran-2-vloxy )-1 6-phenoxy-1 7,1 8,1 9,20- 
tetranorproataA5 r 13(EHrienoic add was dissolved in 10 ml of anhydrous diethyl ether to which was added 
an excess of diazomethane at room temperature. The reaction was followed by tic and when complete, the 
ether and excess diazomethane was removed under vacuum to give the captioned methyl ester. 
Proceeding in the same manner, all the 9-oxo acid compounds prepared in Example 15 are converted to 
their corresponding methyl ester as illustrated by the following compounds: 

methyl 9^o-11cU5chbMtetrahydropyran-2-^ 
tetranorprosts-4^,13(E)trienoate; 

methyl 9^o-11a16a4Mtatrahydro^ 
4£ p 13(EMrienoate; 

methyl 9-oxo-1 1a/l 5a-WHtetrahydropyrarH2^oxyh1&<Hfluorophenoxy-1 7,1 8,19,20-tetranorprosta- 
4,5,13(EHrienoate; 

methyl 9-oxo-l 1a,1 5a-t)is-(tetrahydropyran-2-yloxyM 6-p-fluorophenoxy-l 7,1 8,1 9,20-tetranorprosta- 
4£,13(EMrienoate; 

methyl 9-oxo-l 1 o,1 5a-bls-(tetrahydropyran-2-yloxyM 6-p-chlorophenoxy-1 7,1 8, 1 9,20-tetranorprosta- 
4£,13(EHrfenoata; 

methyl 9-oxo-1 1a15a-bMteti^ydropyrar>-2-yioxyM8-o^loro^ 
4,5,13(E}4rienoate; 

methyl 9-oxo-1 1 o,1 6a-bMteti^dropyran-2-yloxy M 6-m-ch lorophenoxy-1 7, 1 8,1 9,20-tetra norprosta- 
4£,13(EHrienoate; 

methyl 9<KD-11a15a4>Mtetram/dro^ 
4£,13(EMrienoate; 

methyl 9-oxo-l 1a16a«4x^tetrahydropyran-2-yioxy)-1 6-o-bromophenoxy-1 7,1 8,1 9,20-tetranorprosta- 
4>5,13(E)-trienoate; 

methyl 9-oxo-1 1 a, 1 5a-bMtetrahydropyran-2-yloxy )-1 6-p-bromophenoxy-1 7, 1 8, 1 9,20-tetra no rpro sta- 
4*5,13(E>-trienoate; 

methyl 9-oxo-1 1 o,1 6a-bMtetrahyo>opyran-2-yloxy }-1 6-p-methylphenoxy-1 7, 1 8,1 9,20-tet rano rprosta- 
4£,13(EHrienoate; 

memyl 9-oxo-1 1 o,1 5a-bis^tetrahydropyran-2-y(oxyM e-o-methylphenoxy-1 7,1 8,1 9,20-tetrano rprosta- 
43,13(EMrienoate; 

methyl 9^oxo-11o,15a-bMteti^ydrorj 
4»S,13(E)-trfenoate; 

methyl 9-oxo-1 1 a,1 5a-bis-{tetrahydropyran-2-y1oxyM 6-m-methoxyphenoxy-1 7,18,1 9,20- 
tetranorprosta-4^,13(E)-trienoat8; 

methyl 9-oxo-1 1 0,1 5o-bis-(tetrahydropyran-2-yloxy)-1 6-o-methoxyprienoxy-1 7, 1 8,1 9^0- 
tetranorprostfr4A13(EMiienoate; and 

methyl 9k*ch1 1o/l 5o4)is^tetra hydro pyr^ 
tetranorpro8ta-A6,1 3(EKrienoate. 
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Example 17 

Methyl 9-oxo-1 1a*1 5a<iihydraxy-1 6-phenaxy-17,1 8,19 # 2(MBtranorpro8t»4 # 5 # 13(E)-trienoata 

A 0.3 mg aliquot of the protected methyl ester of Example 15 was dissolved In a solution of glacial 
acetic acid (10X) ml), water (6.0 ml) end tetrahydrofuran (1.7 ml). This reaction mixture was stirred for 12 
hours at about 40°C under dry nitrogen. The solvents were removed under reduced pressure. The resulting 
residue was subjected to azaotropic distillation with toluene (3 x 10 ml). Further purification was effected 
on a silica gel column made up in hexane, the product being etuted with 75% ethyl acetate in hexane. 
Appropriate fractions were combined and evaporated to dryness under reduced pressure to give the title 
compound. 

Proceeding in a similar manner, the esters prepared in Examples 15 and 16 are converted to their 
corresponding dfhydroxy compound as illustrated by the following compounds: 

methyl &^o-11aJ5a^hydroxy-16-iTM^ 
trienoate; 

methyl 9K«D-11a,15a«iihydroxy-1&^fIuoro^ 
metriyl9KJXCHl1a,15a^ihydroxY^ 
metrryl9H>XQ-11cu16cwlihydroxy-16^ 
methyl ^Jxo-llalScMiihydroxy-ISi^to 

methyl 9-oxo-1 1 a,1 5a-di hydroxy-1 6-o^lorophenoxy-17.18.19,20-teto 3(E)-trienoate; 

methtflH)xo-11ov15cKiihYdroxy-16^^ 

metrryl9K>xo-11oVI5o>«iihY^ 

methyl 9<ixo-11oVI6oHiihydn^ 

metrn/l9^o-11a,15a^hydroxy-16i>4>ro 

methyl 9-oxo-1 1c^5oniihydroxy-16-p-rnethylphe 

nriethyl 9H)xo-11a,15a^ydroxy-16KHne 

methyl S^xo-lla^Sa^hydroxy-ie 

methyl 9-oxo-l 1a, 1 5a-dihydroxy-1 6-nvmethoxyphenoxy-1 7,18,l9,2Metranorprosta-4,5, 1 3(E)- 
trienoatB; 

methyt9<»cc-11aJ5a^rrydroxy-16<H^^ 
trienoate; 

methyl 9-oxo-1 1a16a<Brrydroxy-16i>-methoxypta^ 
trienoate; 

rr*emyt 9-oxo-l 1o^1Ea^hydraxy-16-p^ 
methyl 9^>x0-11ov16a<ffriydroxy-16-o^ 
methyl 9^axo-11oVI5a<bTi^roxy-16H¥vhexylph^ 
methyl 9Kwo-11oVl5a<flrr^roxy-1& 
trienoate; 

methyl 9<>xo-11a,15o>dihYdroxy-16HO-hex 
trienoate; and 

methyl 9-axo-1 1a, 1 5c^irrydroxy-1&i>*exyloxyphefK>^ 
trienoate. 

This procedure may also be used to hydrotyticaliy cleave the ether groups of any of the Intermediates 
set out herein in the foregoing Examples. 

Example 18 

Methyl 9-oxo-1 1 a,1 6a-dihydroxy-1 6-phenoxy-1 7,1 8, 1 9 f 20<etrarK>rprosta-4^, 1 3(E>-trienoate 

A 500 mg aliquot of the protected methyl ester prepared in Example 15 was dissolved in methylene 
chloride and 0.1 ml of 48% hydrofluoric acid added with vigorous stirring. There was then added dropwise, 
7.5 ml of a methylene chloride solution of merceptoethanol (17 mg/ml) over 30 minutes. The solution was 
then neutralized with approximately 0l3 ml of aqueous sodium bicarbonate. Methylene chloride was used 
to extract the product The combined extracts were dried with sodium sulfate, the solvent removed under 
reduced pressure and the product purified using a silica gel column. The column was eluted in steps with 
20% ethyl acetatBAiexane, 50% and 75% ethyl acetate/hexane and finally ethyl acetate. As in Example 17, 
all alkyl ester compounds prepared In Examples 15 and 16 may be hydrotyzed by the foregoing procedure. 

individual alkyl 9K)xo-11a15oHlihYdroxy-16jhenoxy-trienoatB isomers were prepared by taking a 
single propargyf alcohol Isomer as prepared in Example 9 and carrying that single Isomer through the 
subsequent steps as set out in Examples 10—18. 

Example 19 

Methyl 9-oxo-1 6<£hydroxy-1 G-pbenoxy-1 7 f 1 8,1 9,20-tetranoiprosta-4,5, 1 0, 1 3(E)-tetraenoate 

A 4*91 g sample of the methyl ester from Example 18 was dissolved in a solvent marie up of 286 ml of 
glacial acetic add and 32 ml of water. This solution was heated at 65°C for about 18 hours. The solvents 
were then stripped off under reduced pressure, toluene, 25 ml, was then added and stripped off under 
vacuum, this procedure being repeated twice. The resulting residue was vacuum dried yielding an oil. This 
oil was partitioned between 330 ml of diethyl ether and 83 ml of water. The organic layer was washed with 
brine and dried over sodium sulfate. The ether was stripped off and the resulting oil percolated through 
silica gel prepared In 20% ethyl acetate/hexane. This column was then eluted with 20% ethyl acetate/ 
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hexane (600 ml) 25% ethyl acetate/hexane (2000 ml) 30% ethyl acetate/hexane (500 ml) and 36% ethyl 
acetateVhexane (500 ml). Combination of appropriate fractions gave the title compound as a colorless oil 
after the solvent had been removed. 

5 Example 20 

Memyl 9^xo~16Wtetrahydropyra^ 
tetraenoate 

A 250 ml round bottom flask equipped with a magnetic stirring bar and Drierite* drying tube was 
charged with 630 g of the compound from Example 19 in 90 ml of dry tetrahydrofuran. To this was added 

10 36 mi of dihydropyran and 60 ml of p-toluene sulfonic addHgO. This mixture was stirred at room 
temperature for approximately one hour at which time 600 mg of powdered sodium bicarbonate was 
added. This mixture was stirred for appoximately 16 minutes whereupon 300 ml of water and 100 ml of 
ethyl acetate were added. The ethyl acetate layer was recovered and the aqueous layer extracted twice 
more with 30 ml of ethyl acetate. The combined organic layers were washed with 30 ml of saturated 

15 aqueous sodium bicarbonate, 2 x 30 ml of water and 1 x 60 ml of brine. The ethyl acetate was then dried 
over sodium sulfate, filtered, and concentrated to give a yellow oil. This oil was further purified on a silica 
gel column packed wet In 10% ethyl acetate/hexane. The title product was efuted using 2600 mi of 10% 
ethyl acetate/hexane followed by 2400 ml of 20% ethyl acetate hexane. Appropriate fractions were 
combined and concentrated to give the title compound as a light colored oil. 

20 

Example 21 

Methyl 9^xc-11chmethyM5a-fte^ 
trienoate 

A 7.72 g portion of cuprous iodide was weighed into a 500 ml three-necked round bottom flask fitted 

25 with mechanical stirrer, thermometer, and addition funnel topped with a nitrogen/vacuum septum cap. The 
flask was then flushed with nitrogen with the application of gentle heat. After cooling 150 ml of dry diethyl 
ether was added. The resulting slurry was cooled in an icewater bath and vacuum purged with nitrogen five 
times. The addition funnel was then charged with a solution of 61.6 ml of 1.66M lithium in diethyl ether. 
This solution was slowly added to the reaction flask with stirring. Once the methyl lithium solution addition 

30 was complete, the addition funnel was washed with diethyl ether before charging the funnel with starting 
material. The reaction solution was cooled to a -75°C at which time 6.0 g of the compound of Example 19 
dissolved in 20 ml of dry diethyl ether was charged to the addition funnel under nitrogen. This solution was 
slowly added to the reaction flask with stirring over approximately 30 minutes while maintaining the 
reaction mixture at approximately -75T. Once addition was complete, the reaction mixture was stirred for 

35 approximately four more hours at -75°C 

The cold bath was then removed and approximately 250 ml of aqueous ammonium chloride/ 
ammonium hydroxide (1000 ml saturated aqueous ammonium chloride plus 30 ml concentrated 
ammonium hydroxide) was added. The solution was stirred vigorously in air for a short period and then 
transferred to a separatory funnel. The organic layer was washed with approximately 350 ml of the same 

40 ammonium chloride/ammonium hydroxide solution after which the aqueous phase was additionally 
extracted two 50 ml volumes of diethyl ether. The combined organic phases were washed with 1 x 50 ml of 
the ammonium chloride/ammonium hydroxide solution, 2 x 50 ml water and 1 x 50 ml brine. The ethereal 
layer was dried over sodum sulfate, filtered and concentrated under vacuum to give a colorless oil. 

4S Example 22 

Methyl £oxo-1 1 a-methyl-l 5a-hydroxy-1 6-phenoxy-1 7,1 8,1 9,20-tetrano rprosta-4,5,1 3(E}-trienoate 

A 6JH g sample of the compound of Example 21 dissolved in 27.7 ml of tetrahydrofuran was charged 
to a round bottom flask to which was added 221.5 ml of glacial acetic acid and 1 10.8 ml of water. This 
solution was stirred at room temperature overnight. The volatile solvents were stripped off under vacuum. 

so Residual solvents were removed by twice adding 100 ml toluene and evaporating the solution under 
vacuum. This process yielded an oil which was further purified on silica gel packed wet in 10% ethyl 
acetata/hexane. The product was aluted stepwise from the silica gel using the following stepped 
increments of ethyl acetate/hexane: 10%, 12%, 14%, 18%, 20%, 25%, and 30% of ethyl acetate/hexane. 
Appropriate tractions were combined and stripped of solvent to give an oil. This oil was then taken up in 

65 diethyl ether and placed on a silica gel column packed in 100% redistilled hexane. This column was treated 
with 260 ml of redistilled hexane followed by 250 ml of redistilled ethyl acetate. The captioned product was 
obtained in the ethyl acetate eluent the solvent being removed under vacuum to give an oil. The *H nuclear 
magnetic resonance, "C nuclear magnetic resonance, infrared and mass spectral data for this compound 
are as follows: 

€0 



65 
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'H NMR (5 jpj (300 mHz): 

73 2H, m, aromatic 

635 3H/m, aromatic 

5.71 2H, m, Ht* H^4 

5.10 2H, 2m, H* H« 

438 1H, m, H t « 

338 2H, m, H 1C 

3.77 3H, s, COOCH 

2.61 — 1.73 11H, methylene methine 
1.12 3H,d,CH,(atC— 11) 
1S C NMR (5 ppj (763 mHz) ("doublings" caused by allene isomerism) 
1. 17X4 2. 3331,33.21 

3. 2335, 23.77 4.\9038, 90.00 

5. 204*76,20436 6./ 89.11, 89.05 

7. 2635,26.71 8. 6656, 55.4* 

9. 217.23 10. 46J20 

11. 52.75,5237 12. 36^4, 35.20 

13. 13331,13330 14. 131.10,13037 

15. 7038 16. 7135 

aromatic quaternary 15835 
aromatic o 114*75 
aromatic m 12938 
aromatic p 12136 

IR: 3595, 1965, 1742, 1605, 1165 cm" 1 
Mass: 388<m*), 380, 325, 291, 273 

Following this procedure, but substituting compounds made by the steps set forth herein 
following compounds are made: 

memy! 9K>xo-110HttemyM5a^ydroxy-16-^^ 
trienoate; 

methyl 9K>xo~11a^etrryM5chrrydroxy-16 1 
trienoate; 

methyl 9-oxo-1 1 o-methyH 5o-hydroxy-1 6-p-fluorophenoxy-1 7,1 8,1 9,20-tetra norpro st 8-4, 5 , 1 ?( r : 
trienoate; 

methyl 9k>xo-1 1aHnethyM5a-rrydraxy-16-D^ ^ J1 " 
trienoate; 

methyl 9-oxo-1 1a-methy^15a4iydroxy-16K>^lorophenoxy-17,18,19,20^ 1 7 : : ; 

trienoate; 

methyl 9-oxo-11o-medryl-15a4iydroxy-16^-chioropr^ 
trienoate; 

methyl 9-oxo-1 1a-methyl-15o^droxy-16HT>*romoD^ 
trienoate; 

methyl 9-c*o-11awnethyM6a4iYdroxH 
trienoate; 

methyl 9H>xo-11a-memy^15a^Tydroxy-16i>-bromo ) 
trienoate; 

methyl 9KJXG-11a-memyM6a4iydrexy-16iwn^ 
trienoate; 

methyl 9<vxc-11cHnethyM5a4rydra9^ 
trienoate; 

methyl 9«ixc^11tt<nethyM5o4i^^^ * : 

trienoate; 

methyl 9^c-11awnethyM6a4iydrc«y-16H^^ - ? 

trienoate; 

methyl 9-oxo-1 1 a-methyM 5o-hydroxy-1 6-o-fnethaxyphenoxy-1 7,1 8,1 9,20-tetranorpro Gt 3-4.f,T ! 
trienoate; 

methyl 9Kwo-11cwnethyM5a^ydraxy-16-i>^e^^ : 
trienoate; 

methyl 9*oxo-1 1 a-methyM 5a-hydroxy-1 6-p-hexyiphenaxy-1 7,1 8,1 9,20-tetra norp rosta-4 ,S , 1 ~ r 
trienoate; 

methyl 9K>xo-11CHTiethyM6a4iydroxy-16K>^^ > 
trienoate; 

methyl 9-oxo-1 1a-fnethyM6crhydroxy~16-nv4iexyl * 
trienoate; 

methyl 9k>xd^1 1<Hnethyi-15c^hy^ 
trienoate; 
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methyl 9^»xo-11chmetriyM5a4i^^ 
trienoate; and 

methyl 9^xo-11o-fnethyM5a^ 
trienoate. 

s 

Example 23 

Experimental Protocol 

Each compound was tested individually on a single animal by administering, at the same time, into one 
eye of the animal the ophthalmic solution with the test compound as an active ingredient and to the other 
70 eye only vehicle ophthalmic solution. Irritation, if any, caused by test compound was compared to the non- 
irritating effect of the vehicle ophthalmic solution applied to the other eye. Irritation was measured by rl.o 
number of blinks of each eye during the same time period. The assay was performed on rabbits. 

Ophthalmic solutions of methyl &-oxo-1 la-methyM 5a-hydroxy-1 6-phenoxy-1 7,1 8,1 9,20-tet ranor- 
prosta-dAI^Er-trienoate were prepared at the concentrations of 0.001% to 0.2%. One drop of the te-. i 
i 5 ophthalmic solution was administered directly Into the conjunctival sack of the rabbit's left eye. At mo r^me 
time one drop of vehicle was administered to the conjunctival sack of the rabbit's right eye. 

Irritation of each eye was measured by counting the number of blinks for one minute after the 
application. The results were expressed as the mean number of blinks ± standard error per eye. The menn 
number of Winks/minute were averaged for the vehicle treatment and compared to the drug treated c \ \ 

20 

Results 

The compounds of this invention did not elicit any irritation of the eyes in any of the three species at 
any concentration which was used for testing (i.a, 0.001—0.2%) and their effects were comparable to tbo 
effect of the vehicle ophthalmic solution without any drug added. 

25 

Example 24 

Reduction of Intraocular Pressure 

This example illustrates the effect of compounds of the current invention on intraocular pressure OOP). 

3, Experimental Protocol 

Two groups of normal albino white New Zealand rabbits were used for this study. 
Control group: 4 animals 
Experimental group: 8 animals 

. 3^ Experimental schedule 

At time 0, intraocular pressure of both eyes of each animal in control and experimental groups was 
determined. 

All animals received the treatment either with saline (control group) or the tested compound 
(experimental group) immediately after 0 hour intraocular pressure reading. Control group received 50 pi 
40 of vehicle In both eyes. Experimental animals received 50 uj of vehicle In the left eyes and 50 < :> ■-•< r- t 
solution in the right eyes. 

Intraocular pressure was measured at 30 minutes, 1, 2, and 4 hours. 

Experimental Procedure 

40 The effects of tasted drug on Intraocular pressure of the rabbit was determined using a Digit a b Mofk ! 
300 pneuma-tonometer. Initial IOP readings were obtained in all animals after the administration of 50 uf of 
03% Opthaine (proparacaine hydrochloride). A group ot 4 rabbits served as controls and were treated wi : . 
50 uJ of saline in both eyes. Eight additional rabbits received 50 uJ of test drug in the right eye, and SO *al . i 
drug vehicle was administered In the contralateral left eye. IOP readings were made 30 minutes, 1 hour r-. 

w hours, and 4 hours after drug administration. Rabbits were observed for any signs of ocular irritation. 

This procedure permitted the comparison of drug treated eye with the contralateral vehicle tr eated >>yp., 
and also with saline treated eye. For purposes of statistical analysis comparisons were made bet <ve^n v 
drug treated IOP values and vehicles treated contralateral eyes and also the saline tre*i.ed icr v v- 

Results 

Results summarized In Table 1 show that the administration of a 0.01 % solution of methyl 9- oxo- 1 1 q- 
methyl-15o>hydroxy-16-phefK>xy-17/!8J9^^ decreased -iv^fi^ntW 

intraocular pressure in the right (treated) eyes of the experimental group. 
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TABLE 1 

Measurement of Intraocular Pressure in Normal White Albino New Zealand Rabbits 
PGE, 0.025% 

Ohr Jhr 23 hr 4 hr 6 hr 

Control 21.76 ±63* 2333 ± J65 22,75 ±1,05 21 .63 ±.50 24.63 ± 33 

PGE, 21.00 ±.85 4733 ±138 1838 ± 32 18,00 ±,73 16.63 ± 38 

Vehicle 2038 ±34 19,75 ±1.24 1938 ± .84 2030 ±.76 2338 ± .60 



PGE t 031% 



Ohr 


Ihr 


1hr 


2hr 


4hr 


6hr 




Control 2038 ± 6.0 


1938 ± .46 


20.50 ±38 


1930 ±138 


20.75 ±1.13 


21.75± 


.56 


PGE, 2037 ± 1.09 


38.17 ± 138 


31.17 ± .91 


1533 ± 36 


1633 ± 1.17 


19.00 ± 1.03 


Vehicle 2133 ±139 


19.10 ± ,78 


1933 ± .67 


18.17 ± ,70 


2333 ± 1.82 


22.83 ± 


35 


methyl 9-oxc~11ani>ethYM5a^droxY-16^hera 
(Compound 1), 03% 


Ohr 


Ihr 


1 hr 


2hr 


4hr 






Control . 2238 ± 39 


2330 ±.60 


2230 ±;73 


22.75+133 


21.75 ± 1.13 






Compound 1 23.75 ±33 


1936 ± .49 


1838 ±.64 


18.75 ± .45 


19.88 ± .35 






Vehicle 22.75 ± ,68 


2030 ± .91 


2130 ±30 


2038 ± .63 


19.50 ± .50 






methyl 9-oxo-11o>*!iethyM 
(Compound 1), 032% 


Ohr 


ihr 


1 hr 


2hr 


4hr 






Control 21.75 ± 30 


20.00 ± .66 


2030 ±32 


17.63 ± 30 


19.00 ± .42 






Compound 1 21.63 ±.71 


18.13 ± .44 


1735 ±39 


16.63 ± .78 


18.75 ± .68 






Vehicle 21.25 ± 32 


2038 ± 1.00 


1930 ±37 


17.63 ± 1.10 


1935 + 30 







'Intraocular pressure Is expressed in mmHg. Each number represents the average of 10P from 4 eyes. 



Example 25 

Toxicity 

Studies were conducted by topical ocular application In rabbits with concentrations up to 0.2 mg/ml of 
methyl 9-coco-11asnethyt-16chhydroxy-^ The 
dose volume was 0.1 ml/eye. Duration of administration varied from 12 times in 6 hours to up to 6 times/ 
day for a week. 

Monkeys were treated similarly with the same concentrations and dosages of methyl &~oxo-11a- 
nrietr^15a4iydroxy-164>her once a day for one week. 

No ocular toxicity occurred in any of these studies. 
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Claims for the Contracting States: BE CH OE FR GB IT U NL NL 8E 

1. A compound of the formula 
0 




C00R 



(I) 



OH 

or Its counterpart of the unnatural prostaglandin configuration, or mixtures thereof* wherein R is hydrogen, 
lower alkyl; X is hydrogen, halo, trrfluoromethyl, lower alkyt or lower atkoxy; Y is lower alkyl or 




wherein 2 Is hydrogen, halo, methyl, methoxy or trifluoromethyi; and the wavy lines represent the a or 0 a 
configuration with the proviso that when one wavy line is a the other is 0, or a pharmaceutically acceptable, 
non-toxic saft of the compound of formula (I) wherein R is hydrogen. 

2. The compound of claim 1 wherein R is methyl, X Is hydrogen and Y is methyl, namely (dl)-9-oxo-1 1 a- 
methyl-1 5a-hydroxy-1 6-phenoxy-1 7, 1 8, 1 ^O-tetranoiprostaAS, 1 3(E>-tri8noic acid methyl ester. 

3. An enantiomer of the compound of claim 2 represented by the structure 



COOCrL 




or mixtures thereof. 

4. An enantiomer of the compound of claim 2 represented by the structure 



C00CH. 




5, A compound of any one of claims 1 to 4 for use as a pharmaceutical. 

6. An ophthalmic formulation comprising an ophthalmically acceptable excipient and a compound 
according to any one of claims 1 to 4. 
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7. A process for preparing a compound of claim 1, which comprises hydroryzing with acid the R" group 
of a compound of the formula 



TO 



16 



20 




C00R 



(I) 



or fts counterpart of the unnatural prostaglandin configuration or mixtures thereof, wherein R, X, Y and the 
wavy lines are as defined above and R" is an ether-forming group, and optionally converting the 
compound of formula 0) wherein R is hydrogen to its pharmaceutical^ acceptable, non-toxic salts. 

a A process according to claim 7, wherein the active ingredient of claim 1 , prepared in accordance with 
claim 7, is mixed with a pharmaceutical^ acceptable exdpient or carrier. 

a The use of a compound according to any one of claims 1 to 4 in the manufacture of a medicament for 
treating ophthalmic diseases, particularly for lowering Intraocular pressure by administration to the eye. 



Claims for the Contracting State: AT 

& 1. A process for preparing a compound of the formula 
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C00R 



(I) 



or its counterpart of the unnatural prostaglandin configuration, or mixtures thereof, wherein R is hydrogen, 
40 lower alkyl; X is hydrogen, halo, trifluoromethyl, lower alley! or lower alkoxy; Y is lower alkyi or 



so 



60 




wherein Z is hydrogen, halo, methyl, methoxy or trifluoromethyl; and the wavy lines represent the a or 0 
configuration with the proviso that when one wavy line is a the other is p, or a pharmaceutical ry acceptable, 
non-toxic salt of the compound wherein R is hydrogen, which process comprises hydrolyzing with acid the 
R" group of a compound of the formula 




CQOR 



(I) 



OR" X 



or Its counterpart of the unnatural prostaglandin configuration or mixtures thereof, wherein R. X, Y and the 
wavy lines are as defined above and R" Is an ether-forming group, and optionally converting the 
os compound of formula (I) wherein R is hydrogen to its pharmaceutically acceptable, non-toxic salts. 
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2. The process of daim 1, wherein (dI}-9-oxo-11a-methyl-15a-hydroxy-l6-phenoxy-l 7,18,19,20- 
tetrartorprosta^3,13(E)-trienolc acid methyl ester is prepared. 

3. The process of claim 2, wherein an enantiomer represented by the structure 



C00CH- 



10 



is 



20 



IS 



30 



36 



40 



45 



SO 



56 




or mixtures thereof, are prepared. 

4. A process of claim 2, wherein an enantiomer represented by the structure 



• OH 
is prepared. 

5. A process according to any one of claims 1 to 4, wherein the active ingredient prepared is mixed with 
a pharmaceuticaJlry acceptable excipient or carrier. 

6. The use of a compound prepared In accordance with any one of claims 1 to 4 in the manufacture of a 
medicament for treating ophthalmic diseases, particularly for lowering Intraocular pressure by 
administration to the eye, 

PstentaftsprOche fur dfa Vertragsstaaten: BE CH DE FR GB IT U LU NL SE 

1. Verbindung der Forme! 

0 





C00R 



(I) 



OH 

Oder ihr Gegenstuck mit der unnatQiiichen Prostaglandinkonffguration, oder Mischungen davon, worin R 
Wasserstoff, Niederallcyl 1st; X Wasserstoff, Halogen, Trffluorrnethyl, Niederalkyl oder Niederalkoxy 1st; Y 
NiederaUcyl oder 




60 ist worin Z Wasserstoff, Halogen, Methyl, Methoxy oder Trifluormethyi 1st; und die Wellenlinien die a- 
oder die ^^Configuration darstellen mit der Ma&gabe, dafi wenn eine WeJIenllnle a 1st die andere 0 ist oder 
ein pharmazeutisch annehmbares, nicht-toxlsches Saiz der Verbindung der Formel (0, worin R Wasserstoff 
ist 

2. Verbindung nach Anspruch 1, worin R Methyl, X Wasserstoff und Y Methyl ist namlich (dl)-S-Oxo- 
ss 11aHTiethYM5a4iyaroxY-16i>h^ 
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3. Enantximer der Verbindung nach Anspruch 2, dargestem durch die Struktur 



0 



to 



6 




15 



Oder Mischungen davon. 

4. Enantiomer der Verbindung nach Anspruch 2, dargestellt durch die Struktur 

0 



20 



25 




5. Verbindung nach Irgendeinem der Anspruche 1 bis 4 zur Verwendung als Arzneistoff. 

6. Ophthalmische Formulierung, umfassend ainen ophthalmisch annehmbaren Exzipienten und eino 
Verbindung nach irgendeinem der AnsprOche 1 bia 4. 

7. Verfahren zur Herateliung einer Verbindung gemifi Anspruch 1, umfassend die Hydrolyse mit Sauro 
30 der Gruppe R" einer Verbindung der Formal 



oder ihres GegenstQcks mit der unnaturiichen Prostaglandinkonfigu ration oder von Mischungen davco. 
worm R, X, Y und die Wellenilnien wie oben definiert sind und R" eine Ether-bildende Gruppe ist, uo \ 
gegebenenfaUs das Oberfuhren der Verbindung der Formal (I), worin R Wasserstoff ist, in ihre pharrrv: 
46 zeutisch annehmbarerw nicht-toxischen Salze. 

a Verfahren nach Anspruch 7, worin der alcove bestandteil gem&6 Anspruch 1, hergesteltt gem. 5 ::. 
Anspruch 7, mit eJnem pharmazeutisch annehmbaren Exzipienten oder Trager gemischt wird. 

9. Verwendung einer Verbindung nach irgendeinem der AnsprOche 1 bis 4 bei der Herstellung eim.« 
Medncaments zur Behandlung ophthalmlscher Krankheiten, insbesondere zur Erniedrfgung 
59 irttraocularen Drucfcs durch Verabreichung arts Auge. 

P al— itan sprucha fOr den Vertraosstaat: AT 

1. Verfahren zur Herstetluhg einer Verbindung der Forme! 



0 



35 




£5 



60 



GS 
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Oder ihres GegenstOcks mtt der unnatQriichen Prostaglandinkonfiguration oder von Mischungen ; k< /<^, 
worin R Wasserstoff, Niederalkyl 1st; X Wasserstoff, Halogen, Trifluormethyl, Ni«der«» .1 : - 
Niederalkoxy 1st; Y Niederalkyl oder 




ist worin Z Wasserstoff, Halogen, Methyl, Methoxy oder Trifluormethyl ist; und die Wellenlinien die o 
oderdie P-Kdnffguratk>n darstellen mit der MaBgabe,da6 wenn elne WeHentinie a ist, die andere 0 i -U o<Jor 
eines pharmazeutisch annehmbaren, nicht-toxischen Seizes der Verbtndung dedr Formol (U, vo-.-i < 
Wasserstoff ist, umfassend die Hydrolyse mtt Saure der Gruppe R" einer Verbindung der Fo- • 



0 




C00R 



oder ihres GegenstOcks mit der unnatOriichen Prostaglandinkonfiguration oder von Mischungen davon, 
worin HXY und die Wellenlinien wie oben definiert sind und R" eine Ether-bildende Gruppe ist. und 
gegebenenfalta das OberfQhren der Verbindung der Formal (I), worin R Wasserstoff ist. in ihr*» phf-rma- 
zeutisch anrtehmbaren, nicht-toxischen Seize. 

2. Verfahren nach Anspruch 1, worin (dlK»-0xc^11a-methyi-15a^ydroxY-16-phenoxvO7.in.l9 t ?0- 
tetranorposta-4,5,1 3{EHri ensau remethylester hergesteltt wird. 

3, Verfahren nach Anspruch 2, worin ein Enantiomer, dargesteltt durch die Struktur 

0 




C00CH, 



oder Mischungen davon hergesteltt warden. 

4, Verfahren nach Anspruch 2, worin ein Enantiomer, dargesteltt durch die Struktur 



C00CH. 




5. Verfahren nach irgendeinem der Anspruche 1 bis 4, worin der hergestellte aktive Best^-i f; v 
einem pharmazeutisch annehmbaren Exzipienten oder Trager gemlscht wird. 

6. Verwendung einer Verbindung, hergesteltt gemaS irgendeinem der AnsprOche 1 Us 4, b*f> 
Herstellung elnes Medikaments zur Behandlung ophthalmischer Krankhetten, insbescndoo, 
Emiedrigung des intraokularen Drucks durch Verabreichung ans Auge. 
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Rsvendicatfom pour lea Etatii tentractairts: BECHDEFRGBITLILHM.SE 

1. Compos* de formula 



COOR 




(I) 



OH X 



ou son analogue ayant la configuration de la prostaglandine nan natur8lle r ou lours melanges, formula 
dans laquelle R est I'hydrogene, un groups alkyla Inferieur; X est I'hydrogene, un radical halogeno, 
trffluoromdthyla, allcyle inf6rieur ou alkoxy inferieur; Y est un groups alfcyle inferieur ou un groups 




dans lequel Z est I'hydrogene, un radical halogeno, methyle, methoxy ou trifluoromethyle; et les liaisons 
sinueuses represented la configuration a ou P, sous reserve que lorsqu'une liaison sinueuse a la 
configuration a, Tautre ait la configuration p, ou un sel non toxique pharmsceutiquement acceptable du 
compose de formula (I) darts laquelle R est I'hydrogene. 

2. Compost sufvant la revendf cation 1 # dans lequel R est un groups methyle, X est I'hydrogene et Y est 
un groups rnethyie # a savoir raster methyiique de I'acide (dlh9-oxo-11a-methyi-15a-hydroxy-16-ph^noxy- 
17,18,19;2WetnirK>rpro$ta^^ 

3. Un enarttiomere du compost suivant la revendication 2 represente par la structure 




COGCH- 



ou 88S melanges. 

4* Un Enantiomere du compost de la revendlation 2 represente par la structure 



COOCH, 




5. Compos* sufvant I'une quelconque des reverxfications 1 a 4, destine a etre utilise comme substance 
pnarmaceutique. 

6. Formulation ophtalmique, comprenant un exdpient acceptable du point du vue ophtalmique et un 
compose suivant I'une quelconque des revendications 1 a 4. 
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7. Procede de preparation cTun compose suivant la revendication 1, qui consist e a hydrolyser avec un 
acide le groupe R" d'un compose de formule 



0 




ou son analogue ayant la configuration de la prostaglandin* non natureile ou ieurs melanges, formule dans 
laquelle R, X, Y et les liaisons sinueuses sont telles que deftnies d-dessus et R" est un groupe form ant un 
ether, et a convertir facuftativement le compose de formule (I) dans laquelle R est I'hydrogene en ses sols 
non toxlques phairriaceutiquement acceptable^ 

8. Procede sufvant la revendication 1, dans lequeJ (Ingredient actff suivant la revendication 1, prepare 
conformernent a la revendication 7, est melange avec un excipient ou support pharrnaceutiquement 
acceptable. 

9. Utilisation cTun compose suivant Tune quelconque des revendications 1 a 4 dans la preparation d'un 
medicament destine au traftement de troubles ophtalmiques, en particuller pour abaisser la pression 
Intraocular par administration dans I'oeil. 

RevencBcatfons pour tEtat contracts nt: AT 

1. Procede de preparation d'un compose de formule 



0 




ou de son analogue ayant la configuration de la prostaglandine non natureile ou de Ieurs melanges, 
formule dans laquelle R est I'hydrogene, un groupe alkyle inferieur; X est I'hydrogene, un radical halogene, 
trifluoromethyie, alkyle inferieur ou alkoxy inferieur, Y est un groupe alkyle inferieur ou un groupe 




dans laquelle 2 est I'hydrogene, un radical halogene, methyle, methoxy ou trifluoromethyie; et les liaisons 
sinueuses representent la configuration x ou p, sous reserve que lorsqu'une liaison sinueuse a la 
configuration a f autre alt la configuration p, ou d'un sel non toxique pharrnaceutiquement acceptable d'un 
compose dans lequeJ R est Phydrogene, procede qui coniste a hydrolyser avec un acide le groupe R" d'un 
compose de formule 

0 
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ou de son analogue ayant ta configuration de la prostaglandine non nature! le ou de leurs melanges, 
formula dans laquelle R, X, Y et lee liaisons sinueusas ont la definition donnee d-dessus et R" est un 
groupe ethertffant, et a tftre facuftatff, a convertir le compose de formule (I) dans laquelle R est Thydrogene 
en see sals non toxique pharmaceutiquement acceptable*. 

2. Proc6de suivant la revendication 1, dans lequel on prepare Tester methytique de I'acide (dl)-9-oxo- 
11a^&hyM5a4iydrcxy-16^h&K}^ 

3* Precede survant la revendtcation 2, dans lequel on prepare un enantiomere represents par la 
structure 



75 




20 

ou des melanges contenant cat enantiomere. 

4. Precede suivant la revendtcation 2, dans lequel on prepare un enantiomere represente par la 
structure 



0 



30 




35 

5. Proceed suivant Tune quelconque des revendications 1 a 4, dans lequel ('Ingredient actif prepare est 
melange avec un excipfent ou support pharrnaceutiquement acceptable. 

6. Utilisation <fun compost prepare conformement a Tune quelconque des revendications 1 a 4 dans la 
preparation d*un medicament destine au traftement de troubles ophtalmiques, en particulier pour abaisser 

40 la pression intra-oculaire par administration dans Toefl. 
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